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EDITOR’S OUTLOOK 


N THE spring of 1908 the University of Upsala conferred its doctorate 
on a young man, The Svedberg, who had fulfilled its requirements for 
the title in record time, a four-year period against the eight or ten neces- 
The Svedberg sary for the average student. In another four years, a 
1884- brief enough apprenticeship as docent, demonstrator, and 
special lecturer, Svedberg at the age of twenty-eight 
was appointed to a professorship of physical chemistry by his alma mater. 
Already he had behind him a record of striking accomplishments, both 
as student and independent investigator. New methods in the prepara- 
tion of colloids had first engaged his studies, and his work on light absorp- 
tion, diffusion, Brownian movements, and fluctuations had come to the 
defense of the molecule in the attack on its reality by Ostwald and his 
school. Svedberg’s rapid professional advancement came about not 
only on account of his personal adaptation to research through intellec- 
tual preparation and experimental skill, but, added to these, an extraor- 
dinary power of work and the will to exercise that power. With the 
exception of one year spent in the United States and Canada, his career 
has developed at Upsala. His work has been almost entirely in the field 
of colloids and has been concerned progressively with the measurement 
of the molecule, its shape as determined by experiment in diffusion and 
electrical conduction through colloidal systems, electric colloid synthesis 
and measurement, cataphoresis in the ultramicroscope, the mechanism 
of the photographic process, and determination of the molecular weights 
of proteins. His very recent studies on the molecular weight of insulin 
have had results which are discouraging to hopes of its possible syn- 
thesis. 

Svedberg’s grasp of mathematical physics has been the basis of the 
development of his theories, but his experimental technic shares equal 
credit in his remarkable results. It is of particular interest to American 
readers to know that the conception of the ultracentrifuge machines 
occurred during the period in which he directed colloidal research at the 
University of Wisconsin in the academic year 1922-23. These machines 
were developed, however, on his return to Upsala, and have since figured 
largely in colloidal measurement, utilizing the principle that the mole- 
cules of a dissolved substance are flung outward toward the periphery 
of motion and thus separated from the swiftly centrifuging solvent. The 
record of division of the particles is taken by a photographic attachment, 
by means of which the measurement is accomplished. The most minute 
attention to the care and improvement of these complicated machines has 
been a responsibility that Svedberg has shared with trusted assistants 
. and students but never delegated to any. In the doubtful days of their 
early development, he slept for weeks in the laboratory with them and 
for many years whenever he had occasion to be absent from the labora- 
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tory their work ceased until hisreturn. Their continued approach to per- 
fection has repaid this devotion—the latest modification of the machine 
approximates a centrifugal force 200,000 times that of gravity. 

The steadily increasing importance of Svedberg’s ideas and methods, 
and their practical significance to the physiological and medical sciences 
and to industry through inorganic, organic, and physico-chemical media, 
have attracted wide recognition and impelled the Swedish government a 
few years ago to house the work of its distinguished son in a new labora- 
tory. Here, assisted by growing numbers of students, both local and 
foreign, Svedberg’s work in colloids, honored by the award of the Nobel 
prize in chemistry for 1926, goes on. 

Svedberg will reach his forty-seventh birthday on August 30th next. 
He was born in Valbo, Sweden, and received his early education at 
K6éping School, Orebro High School, and Gothenburg Modern School, 
from which he passed to his university training. 

In appearance and manner he is young for his years, diffident with 
strangers, but with friends and associates the most genial and unaffected 
of men. While the great interest of his life lies of course in his laboratory, 
and the greater part of his time is spent there, he has nevertheless found 
it possible to pursue a number of hobbies to a surprising extent. He has 
attained considerable success as a sketcher in water colors and in this way 
and by means of remarkable skill in photography, his sympathy with 
Nature has found delightful outlets. That he is much more than an 
amateur botanist is evidenced by his collection of Swedish flora which he 
has presented to the Upsala University. The flowers of all Scandinavia 
are well known to him, and those of the northern United States became 
familiar also during his stay in this country. This botanical knowledge 
has made him a popular speaker before the Natural Science Society of 
Upsala. His habitual ten-mile walk on Sunday mornings in every sort 
of weather bespeaks his love for the out-of-doors, and his extensive literary 
library, in which current American fiction has a conspicuous place, 
is an indication of his domestic recreation. The privileged few who 
have penetrated his reserve and found their way to his friendship 
experience therefore keen pleasure and intellectual stimulus in his com- 
panionship. 

The JOURNAL OF CHEMICAL EpucaTION is indebted to Mr. Sederholm, 
managing director of Nobelstiftelsen, Stockholm, Sweden, for the accom- 
panying photograph of Dr. Svedberg. It also acknowledges with gratitude the 
courtesy of Mr. Arne Tiselius of Upsala University, Dr. J. B. Nichols, 
E. I. du Pont de Nemours & Co., Dr. Francis F. Heyroth of the Univer- 
sity of Cincinnati, and Dr. Alfred J. Stamm of the Forest Products Labora- - 
tory, Madison, Wisconsin, for much of the information on which the fore- 
going biographical sketch is based. 
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LL of us are familiar, at least by hearsay, with the academic insti- 

tution known as the non-resident lectureship. Nearly all of our 
wealthier and more distinguished universities negotiate such arrange- 
ments regularly or occasionally. Likewise the international 
exchange of professors is not an unknown custom. Why 
not also such exchanges between our domestic universities 
and colleges? 

It is true that we usually think of such arrangements in connection 
with men who have achieved unusual prominence in special fields of 
research. In these instances the primary benefits accruing to both 
faculties and student bodies of the exchanging institutions are obvious 
and require no discussion here. But we might well give some considera- 
tion also to the secondary benefits, if any, which may arise out of the 
effects of the practice upon the professor involved. Probably when 
distinguished investigators are exchanged, these effects are of distinctly 
minor importance as compared with the primary objectives in view. 
It seems to us, however, that they might well assume relatively greater 
significance if the custom of exchange were to become general upon what 
we may designate without offense, we hope, as a somewhat humbler 
level. 

Many a young and promising, but as yet undistinguished, instructor 
might find it both desirable and profitable, we believe, to round out his 
education in certain departments if he could find it possible to transfer 
to another institution for a year or two. It might be that he could 
quickly acquire certain details of a specialized experimental technic 
which would greatly facilitate his later progress in the field of his greatest 
interest if he could work in coéperation with a master of that technic for 
a short time. It may be that he finds his progress blocked or seriously 
retarded by unfamiliarity with a specialized field of theory not included 
in his previous education and difficult to master by solitary reading. 
The obstacles might well be swept away if only he were employed at 
an institution where he would have opportunity to “listen in” on Pro- 
fessor Blank’s lectures and to confer with him personally occasionally. 
It may be that he has in mind a problem which seems highly promising } 
but which can be solved only with the aid of highly specialized and 
expensive apparatus which his own institution would not feel justified 
in purchasing. Utopia University has such apparatus, if only he could 
transfer his teaching there for a year. 

Other possibilities readily suggest themselves. We believe that 
exchanges might very properly be made in some cases with no more 
definite objective in view than a temporary change of scene and a broad- 
ening of contacts and experience. 

While the scheme we have outlined has apparent and very attractive 
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potentialities the fact remains that no such custom has been generally 
established and that it is obviously difficult for an individual to negotiate 
an exchange on his own initiative. The Committee on Teacher Exchange 
of the A. C. S. Division of Chemical Education was created for the 
express purpose of smoothing out such difficulties. To date it has not 
been very active, partly, we believe, because its existence and its function 
have not been widely advertised, and partly because so little general 
thought has been given to the subject of teacher exchange. An an- 
nouncement concerning the committee is to be found elsewhere in this 
number (p. 1012). 

To avoid any possible misconception as to the scope of the committee’s 
work it may not be amiss to quote its chairman, Dr. B. S. Hopkins: 


It seems to me the point should be emphasized that our committee is not under- 
taking the operation of an employment bureau. We have no means of locating people 
who are out of a job. Neither can we hope to be of much service to those who are 
ambitious for a better position. It seems to me that our function will be limited for 
the present to two distinct purposes. One is the exchange of teachers who have served 
for a long period in one locality with some one else who is similarly situated. Both 
should profit by the change in atmosphere. It is obvious that these positions should 
be of about the same character and compensation. 

A second function which we may be able to carry out is to locate an occasional 
teacher to replace some person in a larger institution who is to be absent on leave. 
I am not so sure that we shall be able to do much in this latter way but we can at least 
try. 

My thought is that we had best confine our attention at first to exchanges in this 
country. If the plan can be operated successfully here, we might be able to extend 
it to the point of negotiating similar exchanges with foreign teachers of chemistry. 


We hope to learn in the near future that a number of teachers have 
availed themselves of the services of the committee in the interests of 
self-improvement and increased teaching efficiency. 





LEACHING COPPER FROM ITS ORES 


Joun D. SULLIVAN, SOUTHWEST EXPERIMENT STATION, U. S. BuREAU OF MINEs, 
Tucson, ARIZONA 


The production of copper is increasing, and simultaneously the Nation’s 
total tonnage of high-grade sulfide ore is decreasing. As the tonnage of ores 
amenable to concentration decreases, more and more attention is being paid to 
hydrometallurgical processes for recovering the metal values from low-grade 
ores containing both oxidized and sulfide minerals. In 1927 approximately 
68 million pounds of copper was produced in the United States by leaching. 
The following factors are involved in leaching: (1) entry of solvent into the 
particles of ore; (2) dissolution of the copper minerals; (3) removal of the 
dissolved copper from the ore; and (4) recovery of the dissolved copper by pre- 
cipitation. Oxidized copper ores are leached with sulfuric acid or ammonia 
and ammonium carbonate; sulfide ores with acidulated ferric sulfate. Various 
types of hydrometallurgical operations are described, and the mechanism of 
leaching is discussed. 


Leaching is the term applied to the process of extracting a metal from an 
ore by a solvent, and the removal of the resulting solution from the undis- 
solved portion. It is, therefore, the extraction of a metal from an ore by 
a wet process. This method of extraction is generally applied only to ores 
that are not adapted to treatment at an equal or less cost by other methods. 
However, during the past decade hydrometallurgical processes for extract- 
ing copper have been of increasing importance. In 1927 approximately 
68,000,000 pounds of copper was produced in the United States by leach- 
ing (1). The total copper production in the United States during that 
year was approximately 1,650,000,000 pounds. 


Types of Leaching Processes for Copper Ores 


Leaching of copper ores can be carried out in the following ways: leach- 
ing in place, heap leaching, and confined leaching. 

Leaching in place consists of treating the ore without removing it from 
the mine. Water or leaching solution is usually added at the surface, 
whence it gravitates downward, and is caught in a solution sump at some 
lower level in the mine. The method has been applied successfully only 
to virtually exhausted ore bodies and to mines containing large quantities 
of ore of such low copper content as to make its removal unprofitable, and 
in such a broken-up condition as to be provided with ample crevices for the 
circulation of both air and solution. Several years is required for the proc- 
ess. Leaching in place has never been successfully applied to unbroken 
bodies of ore. 

Heap leaching is usually applied to ores that are too low in their copper 
content for concentrating and smelting but too valuable to discard as waste. 

829 
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FIGURE 1.—GENERAL VIEW OF A Heap Tuat Is BEING LEACHED IN ARIZONA 


So-called waste dumps are also sometimes leached as heaps (2). The ore 
as taken from the mine is piled in heaps ten to fifty feet high on selected 
slightly sloping ground. The top of the ore heap is usually provided with 


distribution trenches. Solution is added at the top of the heap, and seeps 
downward by gravity, and is collected in a solution sump. Solution is 
usually added on one section of a heap and, after a certain quantity has 
been added, it is added to another section. Mine water, which may or 
may not contain acids and mineral salts, is the customary leaching solvent. 
The ore in a heap should contain sulfide minerals because in weathering 
they produce sulfates. Iron pyrite produces sulfuric acid and sulfates of 
iron. Unless sulfides are present in the ore, the necessary reagents must be 
added to the leaching solvent since water will not dissolve most copper 
minerals. Pieces of rock five feet across a face are frequently found in 
heaps and pieces two or three feet across are common. A heap is leached 
for several years. 

Confined leaching consists of treating the ore in vats or tanks. The ore 
is leached either by agitation or by percolation, depending on whether or 
not the ore must be finely ground to extract the metal content. Percola- 
tion leaching is employed unless the degree of grinding is so great that solu- 
tions will not percolate through the ore. In leaching by percolation the 
ore is usually crushed to pieces one-quarter or three-eighths inch in size; 
in agitation leaching the ore is customarily crushed to pass through a screen 
with ten openings per linear inch and frequently to pass through one with 
one hundred openings. The time of agitation leaching is a few hours; 
percolation leaching requires approximately three to fifteen days. 
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FIGURE 2.—Top oF HEAP WITH TROUGHS AND TRENCHES FOR DISTRIBUTION OF 
SOLUTION 


The largest confined leaching plants of the world and their approximate 
daily capacity in tons of ore treated are: Calumet and Hecla, Michigan, 
5400; Bwana M’Kubwa, Africa, 1000; Kennecott, Alaska, 800; Chu- 
quicamata, Chile, 20,000; Andes, Chile, 7500; New Cornelia, Arizona, 
4500; Katanga, Africa (Belgian Congo), 1400; and Inspiration, Arizona, 
9000. The largest plant leaching in place is that of the Ohio Copper 
Co., Bingham, Utah; and the largest heap-leaching plants are at Warren 
(Bisbee), Arizona, and Rio Tinto, Spain. Other leaching plants of smaller 
capacities are found in the United States and in foreign countries. 

Later in this paper (see page 842 et seq.) a typical leaching plant and 
cycle will be described. 


Principles Underlying Leaching Processes 


Four factors are essential to the successful leaching of any copper-bearing 
ores: (1) a solution that will attack the copper minerals must get into 
the body of the particle of ore, (2) the minerals must be dissolved by the 
chemical action of that solvent, (3) the solution containing the dissolved 
copper must find its way out of the voids of the rock into the main solution 
stream, and (4) the copper in solution must be recovered by some means of 
precipitation. In leaching a given ore the rate of extraction is not instan- 
taneous but goes on slowly and the factors of penetration, dissolution, and 
diffusion go on simultaneously and not in successive steps. 
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Penetration of Solutions into Ores 


In leaching an ore, solution must first permeate the ore in order to come 
into contact with the copper-bearing minerals. There are, in general, two 
classes of voids in rocks: (1) fractures and cleavage planes and (2) pores 
of capillary size or smaller. 

Investigations (3) of the author and his co-workers indicated that, from 
the properties affecting the rate of ingress of solutions, ores may be classified 
as follows: (1) ores of the ‘‘shell’”’ type, in which solutions penetrate more 
or iess uniformly; (2) ores in which solutions penetrate along fractures or 
cleavage planes to main channels and then from these larger openings 
penetrate through smaller openings and pores, the rock itself weathering 
very little; and (3) ores that 
break down in weathering. 

Figures 5 and 6 show the 
manner in which solutions 
penetrated the voids of typi- 
cal leaching ore of the South- 
west. The samples were im- 
mersed in a two per cent 
solution of iron as ferric sul- 
fate for a given time, the 
samples were dried and then 
immersed in sodium thiocya- 
nate solution. The pieces 
were then broken without 
drying so that the depth of 
penetration was sharply in- 
dicated by color contrast. 
FiGuRE 5.—MANNER OF PENETRATION OF SOLU- The dark places in the pho- 

TIONS INTO Rocks; ONE-HouR PENETRATION tographs indicate zones of 

The dark places indicate zones of penetration. penetration. These pictures 

illustrate clearly the rela- 

tively rapid penetration along fractures and cleavage planes. The photo- 

graphs show that in one hour solution penetrated the specimen about one- 

half inch from the periphery toward the interior, and in three hours about 
one inch. 

Work done at the Southwest Experiment Station of the U. S. Bureau 
of Mines indicates that the rate of entry of solution into rocks is governed 
primarily by the solubility of the gas within the voids, and the rate at which 
solutions wet the solid. The two factors may be interdependent and may 
work simultaneously. 

Approximately four per cent of the total volume of a typical piece of 
porphyry ore of the Southwest is occupied by voids within the particle. 
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The rate of penetration of solutions into rocks increases with decreasing 
size of particles. The percentage of the total voids of a porphyry ore filled 
when submerged in water for eighty-four hours was ninety-eight, eighty- 
three, seventy-eight, and sixty-nine when the size of pieces was minus one 
plus three-fourths, two, three, and four inches, respectively. Only ninety- 
two per cent of the voids were filled in eight hundred eighty-eight hours 
when four-inch pieces were used. 


Choice of Leaching Solutions 


The student of chemistry is most interested in the second basic factor of 
leaching—dissolution of copper minerals. In leaching a soluble substance 
from a mixture containing a 
major percentage of insoluble 
material the consideration of 
choice of solvent is before 
the engineer. A solvent must 
be chosen that will dissolve 
the copper minerals in a 
reasonably short time and 
still not appreciably attack 
the gangue. Gangue is de- 
fined as the non-metalliferous 
or non-valuable metalliferous 
minerals in the ore. The 
cost of solvent is a large per- 
centage of the total cost of 
producing copper by wet 
methods, and as copper ores 
that are leached often contain 
only about one per cent of : : 

: FIGURE 6.—MANNER OF PENETRATION OF SOLU- 
copper, if the gangue con- TIONS INTO Rocks; THREE-HOUR PENETRATION 
sumes a large amount of sol- 
vent, leaching may not be economically feasible. The solvent must also be 
cheap. Nitric acid is an excellent solvent for copper minerals but it is? 
expensive, and it attacks not only copper minerals but also other sulfide 
minerals that may be present in the ore. This results in a high consump- 
tion of acid, and the production of a solution containing many impurities. 
Use of nitric acid also leads to difficulties in handling solutions as it attacks 
nearly all the ordinary containers used in leaching. The strength of the 
solvent is important in leaching ores. Some of the gangue is attacked while 
the copper minerals are being dissolved. Assume that a porphyry ore 
containing the copper as carbonate is being leached with sulfuric acid. 
Acid will be consumed in the reaction whereby the carbonate is converted 
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to the soluble sulfate. In addition acid will be consumed in neutralizing 
any calcium carbonate that may be present; also iron and alumina will 
be dissolved from the gangue. The copper carbonate minerals are readily 
dissoluble in dilute sulfuric acid, and less alumina and iron are dissolved 
the weaker the sulfuric acid. Decreasing the strength of acid decreases 
the rate of dissolving the copper carbonate but not so rapidly as that of 
dissolving iron and alumina. The metallurgist must therefore choose 
the most economical leaching cycle taking into consideration the rate of 
dissolving the copper minerals and the consumption of leaching reagent. 


Chemical Reactions in Leaching Processes 


Copper minerals for leaching purposes may be divided into three classes: 
(1) native, (2) oxidized, and (3) sulfide. 

The common solvent for native copper is an ammoniacal solution of 
cupric ammonium carbonate, the reaction probably being represented by 
the chemical equation: 


Cu a Cu(NH3)nCO; = Cus(NH3),COs; 


Excess ammonium carbonate is necessary to effect the necessary re-oxida- 
tion by means of air: 


2Cu2(NH3)nCOs + n(NH4)sCO; + O- = 4Cu(NH:),,CO; + nH:O +. (n — 2)COz 


Native copper is leached in Michigan (4). 

Oxidized copper minerals include the oxides, cuprite (CuO), and tenorite 
or melaconite (CuO); the carbonates, malachite, [Cue(OH)sCOs;], and 
azurite [Cu3(OH)2(COs)2]; the silicate, chrysocolla [CuSiO;-2H,O]; and 
the sulfates, chalcanthite [CuSO,;5H.O], and brochantite [CuSO,4-3Cu- 
(OH)2]. Other oxidized minerals are of less importance. Sulfuric acid is 
the solvent ordinarily used for oxidized copper minerals. Ammonia and 
its salts are sometimes used when acid-consuming constituents are present 
in the gangue. Cuprite yields only one-half its copper to sulfuric acid 
unless oxidizing agents are present. Ammonia and its salts do not appreci- 
ably attack copper silicates. The chemical reactions in the dissolution of 
the following oxidized copper minerals by sulfuric acid may be written: 

Azurite: Cu;(OH)2(COs)2 + 3H2SO, = 3CuSO; + 2CO2 + 4H2O 
Malachite: Cus(OH),CO; + 2H»SO, = 2CuSO, + CO; + 3H,0 
Chrysocolla: CuSiO;-2H.O + HeSO, = CuSO, + SiO. + 3H2O0 
Tenorite: CuO + H.SO, = CuSO, + H20 

Cuprite: Cu.O + H.SO, = CuSO, + Cu + HO 

The reaction for the dissolution of malachite in ammonium carbonate 
can probably be written: 

Cuo(OH)2CO;3 + n(NH,y)2CO3; = 2Cu(NH3),CO; + (n — 1)CO2. + (nm + 1)H2O 
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The principal sulfide minerals of copper are covellite (CuS), chalcocite 
(CusS), bornite (CusFeS;), and chalcopyrite (CuFeS:). The most common 
solvent for sulfide minerals is ferric sulfate. The reaction whereby covellite 
dissolves in ferric sulfate may be written: 

CuS aa Fes(SO,)s = CuSO, + 2FeSO, + Ss: 
Chalcocite dissolves in ferric sulfate in two stages which may be written: 


(1) CueS + Fe2(SO4)s3 = CuSO, + CuS + 2FeSO, 
(2) CuS + Fe.(SOs,)s => CuSO, =f 2FeSO,; of S. 


The first reaction is much more rapid than the second. In general, bornite 
and chalcocite yield nearly all their copper to ferric sulfate in about three 
weeks under the conditions usually encountered in leaching ores by per- 
colation. Chalcocite yields about one-half its copper in one day, and 
bornite about one-third in the same time. Covellite dissolves slowly in 
ferric sulfate solutions, and only about one-fourth the copper will be 
rendered soluble in twenty-five days under the usual conditions of leaching. 
Chalcopyrite is not amenable to any common cheap leaching reagent and 
must be roasted before leaching unless a long time is employed, such as 
that followed in heap leaching or leaching in place. The author has de- 
scribed in detail the rates and mechanisms of dissolution of chalcocite, 
bornite, and covellite (5). 

Other copper minerals such as the arsenides, antimonides, selenides, 
tellurides, sulfarsenides, and sulfantimonides are less important in leaching. 

Sulfide minerals of copper require an oxidizing agent as the leaching sol- 
vent. Ferric sulfate is an excellent one. Iron minerals and sulfide min- 
erals are present in many copper-bearing ores, and in weathering yield 
sulfates of iron. When sulfide minerals of copper are dissolved in ferric 
sulfate, the iron is simultaneously reduced to the ferrous condition, in which 
form it is not an active solvent for these minerals. It must therefore be 
oxidized. At the Inspiration leaching plant the solvent is regenerated 
electrolytically using lead anodes. The staff (6) of the Southwest Experi- 
ment Station of the U. S. Bureau of Mines developed a new process for 
regenerating ferric sulfate and manufacturing sulfuric acid. Leaching 
plants are frequently located near smelters. When concentrates aré 
roasted for smelting, sulfur dioxide is produced according to the reaction 


2MeS + 202 = 2MeO + SO2 


where Me is a divalent metal such as copper. Iron pyrite (FeS:) is the 
most common source of sulfur dioxide in roasting. Sulfur dioxide is 
usually considered to be a reagent that will reduce “‘ic’’ salts to the ‘‘ous” 
condition, but the chemists have shown that under certain conditions when 
oxygen is also present ‘‘ous’’ salts may be oxidized to the “‘ic’’ condition. 
When a mixture of air and sulfur dioxide such as that produced in roasting 
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concentrates and containing five per cent or less of sulfur dioxide is passed 
in the form of small bubbles through a solution of ferrous sulfate, the iron 
is oxidized to the ferric condition. The final reaction may be written: 


2FeSO, + SO. + Os = Fe2(SO,)s. 


When nearly all the iron is oxidized, sulfuric acid is formed according to the 
final reaction which may be written: 


2SO2 + 2H20 + O,. = 2H2SO,. 


Conditions may be controlled at any stage in the process to make 
largely ferric sulfate or sulfuric acid, depending on which is needed at that 
particular time. 


Removal of Soluble Salts from Leached Ores 


There is a fundamental difference between vat or tank leaching and heap 
leaching. In the former the ore 
is covered with a leaching solu- 
tion, and complete contact of 
ore and solution is maintained 
over a period of time. After 
leaching has been continued for a 
given period, the ore is washed 
with water or solutions weak in 
copper and leaching reagents, or 
both. The washing is also a 
flooding operation. During the 
washing and during the leaching 
itself dissolved copper from the 
interior of the particles of ore is 
diffused into the main solution 
stream that surrounds the ore. 
FIGURE 7.—PHOTOGRAPH SHOWING CON- ; 
CENTRATION OF COPPER SULFATE ON THE SuR- The mechanism of removal of 
FACE OF ORE IN DRYING soluble copper from the interior of 
The large black spots show where crystals, particle of ore by chemical diffu- 
of copper sulfate have segregated. 
sion may be illustrated as follows. 
Suppose an ore particle is placed in a leaching solution—an acid, for ex- 
ample. The solution surrounds the particle and then penetrates into the 
body of the particle, where by chemical action it dissolves certain minerals 
present and holds them ina soluble state. The solution around the rock 
has a lower concentration of the dissolved salts than has the solution 
inside the rock after chemical action starts; a diffusion pressure is thus 
created, and the salts diffuse for the one of higher to the one of lower con- 
centration. Such diffusion will continue, if given time enough, until the 
solutions become perfectly homogeneous. 
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In heap leaching ore is piled in a heap, which should have a prepared 
bottom to prevent loss of solution by seepage, and a certain quantity of 
solution is added to a given section and then another section is treated with 
fresh leach liquor, and so on. Several months may elapse before the first 
section is again treated with solution. The ore does not become flooded 
but is wet by the film of solution that covers the surface of the pieces of 
ore and gravitates downward from one piece to another. Heap leaching 
results in a process of alternate wetting and drying. When a particle of 
ore is dried evaporation pulls solution to the surface, where the dissolved 
salts crystallize as the solution evaporates; the next wetting removes most 
of these salts. 

Figures 7 and 8 illustrate how copper sulfate distributes itself when a 
rock saturated with a solution 
is dried. When rocks are satu- 
rated with copper sulfate and 
dried, a large part of the copper 
is brought to the surface in the 
first drying operation. Some of it 
crystallizes in the interior of the 
rock, especially along the larger 
fractures and cleavage planes. 

Other factors, such as adsorp- 
tion, absorption, and percentage 
and character of slimes present, 
play a réle in the rate of removing 
the soluble copper in either vat or 
heap leaching processes. 











Precipitation of Copper from 


Solutions FIGURE 8.— INTERIOR CROSS-SECTION OF THE 
SAME ROcK AS SHOWN IN FIGURE 7 


The fourth step in the leaching aie 
s ; geen ea Note the disseminated copper sulfate crys- 

of copper ores is the precipitation _tajlized through the entire rock, especially 
of the caguer from the: coppes- SE asaeeas seem 
ladensolutions. The copperfrom copper sulfate has crystallized. ’ 
ammonium leaching solutions is 
recovered by distilling off the ammonia, which is recovered, leaving a precipi- 
tate of copper carbonate and black copper oxide. The precipitate is smelted. 

Generally one of two methods of precipitation is employed for acidic solu- 
tions or those containing ferric salts. The first takes advantage of the fact 
that a metal is precipitated from a solution of its salts by a metal higher 
in the electromotive series. Since iron is above copper in the series one 
of the forms of scrap iron is frequently used for this purpose. The pre- 
cipitation action may be written: 
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FIGURE 9.—IRON-PRECIPITATION LAUNDERS 
Cut+ + Fe = Cu + Fet?. 


The product of precipitation is called cement copper and the process, 
cementation. Cement copper is impure and varies in its copper content. 
A fair average is about seventy per cent of copper on a moisture-free basis. 
The most common impurities are silica, iron, alumina, sulfur, oxygen, and 
ordinary dirt. Much of the copper is oxidized. Cement copper is shipped 
to a smelter where it is smelted as part of the reverberatory furnace charge. 
Figure 9 shows iron precipitation launders. Some may also be seen in the 
foreground in Figure 4. 

The second common method of precipitation, and the one used in all large 
percolation plants, is electrolytic. The pregnant solution is passed through 
a series of electrolytic cells equipped with insoluble anodes, usually hard- 
ened lead, and copper cathodes. The copper is precipitated at the cathode, 
and simultaneously some of the iron in solution, if any is present, is oxidized 
to the ferric condition whereby it again becomes an active reagent for 
certain sulfide minerals. The presence of ferric iron is detrimental to 
current efficiency in electrodeposition, so plants leaching ores that are pri- 
marily oxidized may reduce the solutions with sulfur dioxide before bringing 
them to the tank-house. Solutions were so reduced at the New Cornelia 
leaching plant, whereas at the Inspiration leaching plant where ferric iron 
is needed the iron is deliberately oxidized in the electrolytic process. 

At Inspiration the average current density is about fifteen amperes per 
square foot and the average voltage between each anode and cathode, which 
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are spaced four and one-half inches from center of cathode to center of cath- 
ode, is about two and one-fourth volts. Theoretically 1.186 grams of cop- 
per should be deposited by one ampere hour of electric current when the 
copper is in the cupric condition. Owing to impurities in the solution the 
ampere efficiency at Inspiration is only slightly above sixty per cent. The 
current efficiency is somewhat higher in other plants not requiring so high a 
concentration of ferric iron. 


Construction and Operation of a Confined Percolation Leaching Plant 


The operations are widely different in the various methods of leaching. 
The scope and length of 
this article prohibits 
giving details of all 
types of leaching. As 
confined percolation 
leaching is the most 
important of the meth- 
ods now in use, a brief 
description of the con- 
struction and operation 
of such a plant will be 
given. The sizes of 
vats, etc.,are given fora 
plant of approximately 
9000 tons daily capac- 
ity, and leaching oxi- 
dized ore with sulfuric 
acid. The practice at 
any given plant may 
differ from the follow- 
ing outline, but the 
practice in general will 
be virtually the same. 

The ore as it comes 
from the mine is first 
broken in primary 
crushers either of the 
jaw or gyratory type. 
Primary crushing may 
reduce the ore to about 
three-inch size. The 
ore is then passed over 
vibrating screens with 








FicurRE 11.—EMptyING A VAT AFTER THE ORE Has 
BEEN LEACHED 
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FIGURE 12.—VaT FULL OF ORE WITH EXCAVATOR IN THE BACKGROUND 


suitable openings to remove the fine sizes. The undersize goes directly 
to the leaching vats, and the oversize goes to the secondary crushers. 
Secondary crushers are usually rolls. A common size of roll is seventy-eight 
inches in diameter with a twenty-four-inch face. Ordinarily two sets of 
rolls are used, the second being set closer than the first. The discharge 
from the first passes over vibrating screens, the undersize goes to the leach- 
ing vats and the oversize to the second set of rolls where it is reduced to 
proper size for leaching. The undersize from the coarse and fine crushing 
operations now all being crushed to approximately three-eighths of an inch 
is conveyed to the leaching plant. The conveying system, which is shown 
under the roof in Figures 3 and 4, consists of an endless rubber belt that 
carries the ore to the loading bridge where it is automatically dumped into 
the leaching vats. 

Leaching vats are made of concrete and are lead lined. (In plants of 
small capacity the vats might be constructed of wood.) A vat one hundred 
seventy-five feet long by sixty-eight feet wide by eighteen feet deep has a 
capacity of about 9000 tons of ore. The lead on the side walls is protected 
by a covering of two-inch planks. The bottom of the tank is protected 
with filter boards of two-inch material and having about fifteen three- 
eighths-inch holes per square foot. A lead pipe of twelve or fourteen 
inches diameter is burned to the lead lining at the bottom of each vat at 
one end. This pipe acts both as a solution entry and exit tube. All 
solutions are carried to and from the vats in lead pipes. The lead used 
in leaching plants contains about three per cent of antimony. The ore, af- 
ter bedding, is covered with a solution strong enough in acidity to prevent 
neutralization; otherwise basic salts may precipitate. Solution is usually 
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FIGURE 14.—STEAM SHOVEL LOADING ORE INTO CAR 


percolated upward through the ore and overflows at one end of the vat into 
a launder from whence it goes to the suction of the pump serving the next 
tank, thus permitting the vats under acid treatment to be in series. If 
the entire leaching plant has thirteen tanks, eight will probably be under 
acid treatment at all times, three will be washing, one being excavated, 
and one being charged. 

The strongest solution is added to the oldest ore under treatment. The 


solution travels from tank to tank, constantly being reduced in reagent 
strength and finally emerges from the newest ore from whence it flows 
to the electrolytic tank-house. The leached residue is then washed. Ordi- 
narily the first washes will contain acid, and are systematically advanced, 





FIGURE 15.—CATHODE ELECTROLYTIC COPPER SHOWING LOOPS FROM WHICH 
STARTING SHEETS ARE SUSPENDED 
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the first wash goes with the main solution stream, the second wash becomes 
the first wash on the next tank to be washed, and so on. The washes, 
especially the last ones, may be batch washes; that is, the entire solution 
is pumped onto the ore and after a given time the solution is drained off, and 
the next wash is added. If ten washes are used, the last five will probably 
go to iron-precipitation 
launders to recover the 
soluble copper and will 
not join the main solu- 
tion stream. The last 
wash will be water. 
Solution sumps are nec- 
essary to store solutions 
that are not on the ore 
or in the tankhouse or 
iron launders. They 
may be seen near the 
center of Figure 3. 
The tailings from a 
leaching vat are dis- 
charged with a “‘clam- 
shell” bucket, shown in 
Figure 3, into cars, and 
dumped in a tailings 
pile. Figure 11 shows 
a discharging mecha- 
nism in operation. 
The pregnant solu- 
tion from the leaching 
vats will go to the tank- 
house where the copper 
is precipitated electro- 
lytically using lead an- 
odes and copper cath- 
FiGURE 16.—VIEW OF LEACHING PLANT SHOWING odes. Figure 10 shows 
PIPES AND PUMPS FOR SOLUTION CIRCULATION AND : : 
DISTRIBUTION the interior of the 
tank-house of the In- 
spiration Consolidated Copper Co. The cathode starting sheets are made 
by plating copper on plates of rolled copper. The starting sheets are 
stripped from the plates and a copper loop is riveted onto the top to hang 
them from bus bars. __If the solution entering the tank-house contains thirty 
grams of copper per liter, about six grams will be plated out. The solution 
from the tank-house containing the remaining twenty-four grams of copper 
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per liter, after adding new acid if necessary, joins the regular circuit as 
leaching solution. Sulfuric acid is produced simultaneously with the 
precipitation of copper. Electrolytic copper produced from leach liquors 
is quite pure, often containing as much as ninety-nine and seven-tenths per 
cent of copper. The metal itself is as pure as that produced by refining 
anodes, and the impurities are largely slimes that have been mechanically 
attached to the cathodes. 


Future of Leaching 


The production of copper is increasing and simultaneously the nation’s 
total tonnage of high-grade sulfide ores is decreasing. As the tonnage of 
ores amenable to concentration decreases, more and more attention will be 
paid to hydrometallurgical processes for recovering the metal values from 
low-grade disseminated ores carrying both oxidized and sulfide minerals. 
The success of leaching so-called waste dumps has indicated that many 
mine dumps now termed as waste will be leached as heaps. Eventually 
nearly every mine will be leached in place. When the grade of ore becomes 
so low that mining is unprofitable, the ore remaining in the mine in a broken 
condition will be leached. The future outlook for leaching is bright. 
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THE EDUCATIONAL VALUE OF TALKING MOTION PICTURES* 
CHARLES ALEXANDER RICHMOND, UNION COLLEGE, SCHENECTADY, NEW YORK 


Epitor's Note: The following article is a stenographic report of a talk de- 
livered by Dr. Richmond as an introduction to the demonstration of oil films 
on water by Dr. Irving Langmuir, associate director of the Research Laboratory 
of the General Electric Company. Ittis from a talking motion picture produced 
by the Motion Picture Department of the General Electric Company with 
RCA-Photophone equipment. 


I suppose very few doubt that there is certain educational value in 
moving pictures. On the other hand, I fancy it is safe to say that very few 
realize the immense possibilities of the motion picture. We have here 
an instrument which not only can impart and disseminate useful knowl- 
edge, but which can, and often does, stimulate a deeper desire for knowledge. 

The beautiful thing about it 
is that it introduces the element 
of personality, and we must never 
forget that behind all this knowl- 
edge of ours, there is always 
some person, some patient inves- 
tigator, who has gone deep into 
the secrets of his subject and 
brought out treasures which, but 
for him, might still remain un- 
known to the world. 

* There are no doubt excep- 
. .IT INTRODUCES THE ELEMENT OF tions to this, but, as a rule, 
PERSONALITY,” whenever any man becomes wise 
in any subject it is because 

he has had the instruction of a good teacher. 

When Garfield described a college as ‘‘Mark Hopkins at one end of a 
log and the student at the other,’’ he was only saying something that 
has been perfectly understood, and had been from the first. We have 
only to think of Jesus and his disciples, the schools of Athens and the 
Peripatetic philosophers who walked about teaching with their students 
following. All through the Middle Ages the students followed wherever 
the teacher went. 

As a beautiful illustration of this, something like 800 years ago, Abelard 
was driven from Paris, partly perhaps because of the jealousy of the doc- 
tors, and partly because of his complications with Heloise. At all events, 
he went off into the wilderness of Champagne and built himself a hut 
of reeds and mud, and determined to live there alone. But he was not 

* The picture, of which this talk is a part, is that shown before the Division of 

Chemical Education at the Columbus meeting of the A. C. S., May 1, 1929. 
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left alone. Thousands of his disciples went with him and covered the 
place with their tents and their mud huts, in order that they might be near 
their beloved teacher. What they wanted was not easy courses, or college 
athletics, or fine buildings; they wanted Abelard; to them a mud hut with 
Abelard was more of a university than the University of Paris without 
him. 

Now, to a certain extent at least, this happens today. The serious 
student goes to college to come into contact with some famous teacher. 
The trouble is, there are not enough teachers to go round. We have some 
six hundred colleges and universities in this country. In how many of 
these can be found even one man who is outstanding in any one subject? 
Naturally, these rare men gravitate to universities where the resources are 
more ample and where they have more to work with. Very often they work 
in private laboratories or in 
laboratories connected with our 
great industrial organizations. 
The result is that very few ever 
come into contact with these 
men. The influence they have 
is confined to their writings 
or to some impersonal inter- 
est. 

Now here is where this wonder- 
ful invention comes in. We are 
able to bring an unlimited number 
of students into contact with e 
these great teachers. They can germans aeniNG A" UNIMITED NUMBER OF 
not only hear them and see _ reacuers.” 
them, but actually, to a degree, 
can come under the influence of their personality. 

What would we not give if we could bring before us old Archimedes, 
hear his voice, and see his face, or Galileo, Sir Isaac Newton, or Pascal? 
This, of course, cannot be, but what we cannot do for them, we can bring 
to our living sons. We shall bring the student into the presence of Ruther- 
ford, J. J. Thompson, Millikan, Mme. Curie, and others: they shall see 
their faces, watch their changing expressions, hear their voices, see their 
intimate gestures, and all the personal characteristics which go to make 
up that subtle thing which we call personality. 

When I was asked to see this picture which you shall presently see, 
I was doubtful lest the mechanism would be so obtrusive that the per- 
sonality would be lost, yet in this I was agreeably disappointed. It was 
obvious to me at once that we have here an instrument of amazing 
possibilities, especially in the teaching of science. In one respect, at 
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least, it is superior to the classroom lecturer. By close-ups, you can see 
the experiment more clearly. 

There is no doubt in my mind that the possibilities are perfectly un- 
limited. What will it not mean to the school and college away off in the 
interior to be able to bring their students into the presence of these great 
masters in their various fields, men about whom they had heard and whose 
works they have read, but whom they had never hoped, even in their 
wildest dreams, to see or to hear? 


EXPERIMENTS WITH OIL ON WATER*}; 


IRVING LANGMUIR, GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK 


Epiror’s Note: The following is a stenographic report from an educational 
talking motion picture in which Dr. Langmuir accompanies his talk with 
close-up views of his experiments. Necessarily, there are sections of the 
text which are ambiguous since in the film Dr. Langmuir could point specifi- 
cally to parts of the demonstrations. Parenthetical insertions have been 
made occasionally in the text to clarify certain points, and at other places 
the points have been illustrated with enlargements from the film. The sound 


track appears to the left of the pictures as a jagged, black line. The film, 
made with RCA-Photophone equipment, was produced by the Motion Picture 
Department of the General Electric Company. Dr. Langmutr did not talk 
from a prepared manuscript. 


During the ten-year period from 1890 to 1900, the late Lord Rayleigh 
carried on many investigations of the phenomena of surface tension and 
the spreading of oil films on water. He found, however, that the physicists 
in general were not much interested in these phenomena, so that gradually 
he went on to other lines of investigation; but I think in these days nearly 
every one is more deeply interested in the phenomenon of surface tension 
than they were at that time. 

I want to tell you of various experiments that I have made along these 
lines. A film of oil on water produces many phenomena besides the tradi- 
tional one of quieting troubled waters. For example, many beautiful 
iridescent colors are formed, although if we see such colors on our favorite 
swimming pool they do not appear very beautiful to us. Visible films 

* This manuscript has been prepared at the editor’s request by Mr. Guy BARTLETT 


of the General Electric Company. 
t This talking motion picture is that shown before the Division of Chemical Edu- 


cation at the Columbus meeting of the A. C. S., May 1, 1929. 
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of this character are comparable 
in thickness to a wave-length of 
light. In fact, it is the interfer- 
ence phenomenon that produces 
these colors. 

About 0.00001 of an inch, or 
up to 0.0001 of an inch, is the 
usual thickness of these visible 
films; but I want to talk to you 
particularly of films that are very 
much thinner—invisible films— 
films that are in thickness about 
0.00000001 of an inch. The ex- 
periments that I plan to show 
you with these films will be made 
with very simple apparatus, ap- 
paratus such as a photographic 
tray, talc, and strips of paper 
(Figure 1). 

I can show you some of the 
effects of these films made with 
what, as a boy, we used to call 
camphor boats. These boats 
were propelled over the surface 
of the water by motion set up in 
water by pieces of camphor, which 
alter the surface tension. Many 
years later, I found that the late 
Lord Rayleigh had spent several 
years in the study of the proper- 
ties of camphor film phenomena 
and their motions on water. In 
fact, many generations of physi- 
cists before him had been puzzled 
by these phenomena. 

To show the motion of this 
camphor boat, I am going to pour 
some water into this hard rubber, 
photographer’s tray, but I want 
to show the motion of the surface 
of the water that will have this 
invisible film on it. For that 
purpose I will make up a little 











FIGURE 1.—‘‘...... WITH VERY SIMPLE AP- 
PARATUS, APPARATUS SUCH AS A PHOTOG- 
RAPHER’S TRAY, TALC, AND STRIPS OF PAPER.” 











FIGURE 2.—“‘... SOME TALC OR POWDERED 
SOAPSTONE IN A LITTLE BAG.” 
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FIGURE 3.—-‘‘THESE LITTLE PIECES OF CAM- 
PHOR ARE IN A CONSTANT STATE OF MOTION.” 
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bag of talc, simply by tying up some talc or powdered soapstone in a little 
bag (Figure 2). I will use this to dust over the surface of the water so 
as to make the movements of the surface visible. Instead of using talc, 
I can also use sulfur in a similar bag. 

I will put some water in this tray and then put on the water a few little 
pieces of camphor. I am not going to take any special precautions to 
keep these surfaces clean; it is 
not essential. These little pieces 
of camphor are in a constant state 
of motion (Figure 3). Small ones 
cause rapid movement of the 
water; larger ones cause slower 
movement. 

I will now take a strip of paper 
and out of it cut a little boat, 
but in order to make the boat 
behave rightly in this tray I 
will leave a little rudder—not 
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the same as most rudders, as it 
FIGURE 4.—‘‘I PICK UP ONE OF THESE 
PIECES OF CAMPHOR AND PUT IT IN A LITTLE 


will be on the wrong side. 
RECESS AT THE BACK OF THE BOAT.....”’ Now, you see, I have made 
my boat and I have a little 
space here (at the stern) in which 
I can put a piece of camphor. 
I pick up one of these pieces of 
camphor and put it in the little 
recess at the back of the boat 
(Figure 4) and, you see, the 
boat immediately starts to move. 
The rudder action is pretty 
strong, so it goes in a circle 
(Figure 5). The reason for this 
movement is a change in the 
5 surface tension of the water. 
FIGURE 5.—‘‘THE RUDDER ACTION IS PRETTY ; x ; 
STRONG, SO IT GOES IN A CIRCLE.” There is a decrease in tension 
right back of the boat, so the 
water pulls the boat ahead more than it pulls it back; for instance, you 
can see that right back of the boat are rather vigorous currents. I sprinkle 
a little talc over the surface of the water and, as the boat advances, the 
water pushes the talc away. The talc is pushed away from the rear, 
showing that motions or currents are set up and go one way while the 
boat moves in the opposite direction. This motion of camphor takes 
place only upon water that is relatively clean. 
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If I put on the water a small amount of oleic acid from a globule on the 
end of a wire (Figure 6), there is, first of all, a spreading action that starts 
off from the drop of oil that has been added, and the action of the camphor 
is entirely stopped. 

You have just seen how the oleic acid placed on the surface of this 

tray of water spreads out, setting 
up surface currents until the 
whole surface is contaminated. 
Camphor does the same thing; 
that is, it contaminates the sur- 
face and it spreads out over the 
surface, setting up currents in 
the water. The reaction to those 
currents produces this motion of 
the boat, but if the surface is al- 
ready covered with camphor 
there is nowhere for the oleic 
acid to spread to, as the camphor 
spreads a good deal more strongly 
than the acid does. 

There are many interesting 
features connected with this 
spreading. To illustrate some of 
these, I will show you some fur- 
ther experiments. I will take a 
smaller sized tray and will make 
some paper barriers to put on 
this tray by taking some large 
sheets of paper and folding them 
so as to make some long strips. 

Then I fold them at the ends so 
that they are just the width of 
the tray. 

I will fill this tray with water 
and then I will put a little sulfur 
powder, which is equivalent to 
talc, on the surface of the water FIGURE 6.—‘“‘.....I PUT ON THE WATER A 

SMALL AMOUNT OF OLEIC ACID FROM A GLOB- 
to render the movements of the ULE oN THE END OF A WIRE ; 
surface visible. If I blow on 
the surface, it is possible to blow the sulfur about two-thirds of the way 
down the tray, but not much farther; that shows that there is enough 
contamination on the surface to cover about one-third of the surface of 
the tray. 
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If I blow that contaminated part away from me and then move the 
paper, I can get a better measurement of the area that is contaminated 
because now, you see, blowing causes circulation of only that surface; 
it does not cause the contamination to move away from the paper barrier 
which I am moving. 

If I move the paper barrier all the way to the end, I am able to get rid 
of the contamination. If I do this a couple of times, I get a surface which 
is clean. I can remove this barrier, and on its wet surface most of the 
contamination sticks. I get a surface which is not absolutely clean, but 
about 95% clean. The contaminated part has been blown to one end. 

On this clean surface of water, sulfur is very mobile. I can push it 
in any direction with the utmost ease. If I now place on the surface an 
extremely small amount of oleic acid—taking even more pains than before 
to get every bit of excess acid off the wire, rendering the surface a little 
more visible by adding a little 
more sulfur, and then putting 
the end of the wire on the surface 
of the water so as to get a very 
small amount of the oleic acid— 
you see the sulfur disappear just 
as if I had blown there. 

Now notice the difference. By 
blowing on the water I can push 
the sulfur back only a short dis- 
tance; for example, that circle 
represents the area from which 
I can blow this film of oleic acid 
ow mnsnnoecmcsm «|| (Pigare 7). I will put on more 

UE ACID. : 
oleic acid; in fact, I will put on 
allI can. There is a limit to the amount of oleic acid that will go on. 
The surface is now a completely contaminated one. 

To show that it will hold very little more, I will put on a larger globule 
of oleic acid. Notice it practically does not spread any more. This 
surface is in equilibrium with a globule of oleic acid which I can see on the 
surface. 

These floating pieces of sulfur on the surface give us a way of telling 
whether or not the surface is contaminated. Free mobility of the sur- 
face means freedom from oil film, or any film that is non-volatile and non- 
soluble. A contaminated surface, on the other hand, resists compression. 
It is just that action of resisting compression which makes the effect of 
oil in quieting wave action. 

I will show you another experiment to illustrate the magnitude of these 
forces on the surface of the water. I will take this tray full of clean water, 
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and will render the surface visible with a little sulfur powder. Then I 
will put a barrier, a strip of paper, dividing the tray into halves. I want 
to show you with how much energy this paper is forced forward by the oleic 
acid film. 

I will cut this paper a little shorter than the width of the tray so it will 
move along the sides. I will now place on the surface a little oleic acid 
(Figure 8), and you see that the paper is immediately forced back to the 
end of the tray (Figure 9). 

You have noticed that a small 
amount of oleic acid will spread 
out only to a certain extent, or 
over a certain area, on water. 
This phenomenon was apparently 
first noticed, or at least first pub- 
lished, by Miss Pockels in 1891. 
She found that the surface ten- 
sion of water was not appreciably 
affected by small amounts of 
oil; only when you increase the 
amount toacertain definite value 
does the surface tension begin 
to change. 

This was given a very simple 
explanation in 1898 when Lord 
Rayleigh assumed that an oil film 


| @ 
consists of a single layer of oil : 
molecules—what we now call a : : 
monomolecular film. If this is 
so, it explains immediately these 
fundamental properties of oil 











FiGurRE 8.—"....A LITTLE OLEIC ACID....’ 





films—their tendency to spread 
out over certain distances and 
not beyond those distances. ; 
You can get a more definite FIGURE 9.—“ THE PAPER IS IMMEDI- 
idea of how molecules behave Se Soe BACK TO THE END OF THE 
TRAY. 
on these surfaces by a simple 
illustration that I can make with steel ball bearings I am going to place 
in this tray. Let us imagine that these steel balls are molecules of oleic 
acid and that this is the surface of the water. If I put just a few 
molecules on the surface it corresponds to a water surface containing 
a very little oleic acid. A motion of this kind then corresponds to 
the thermal motion or agitation of molecules (Figure 10). Tipping the 
tray like this would correspond to blowing on the surface of the water 
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(Figure 11), forcing the oleic acid molecules in a certain direction. If I 
put a large number of balls over the surface, it corresponds to a large 
amount of oleic acid. By a force exerted from a strip of this sort I will 
move all the balls to one end of the tray, corresponding again to what I 
can do with my paper barrier in the case of oleic acid (Figure 12). 

An understanding of those monomolecular films explains their behavior— 
the behavior we have seen in 
these experiments. 

Some oils spread, and others 
do not. Oleic acid, olive oil, 
common vegetable and animal 
oils spread readily on the sur- 
face of water; but mineral oils 
such as Russian mineral oil, used 
for medicinal purposes, or Nujol, 
of the same general character, 
do not spread at all on the sur- 
face of the water. 

I will now show you that ac- 
tion by taking this tray and 
putting water in it, cleaning the 
surface as usual, and then, by 
means of this pipet, transferring 
a certain amount of Nujol to the 
water. Iam going to ask you to 
look over my shoulder at the re- 
flection of the window, and in 
that way you will be able to see 
the surface motion more plainly. 

I will put some of the Nujol 
on the water, and you will notice 
that it does not spread at all 
(Figure 13). You can see that 

Ficure 10.—‘“ CORRESPONDS TOTHE the water is clean by the ease 
CUEes Om AGITATION OF MOLE- with which the sulfur moves over 

the surface. If I now take some 
oleic acid and put it in the center of the Nujol also, nothing happens. The 
reason is that the oleic acid has not yet penetrated through the Nujol. 
If I move the wire down a little deeper (Figure 14) so that it penetrates 
through the Nujol, and the oleic acid comes in contact with the surface of 
the water, then there is a spreading of the oleic acid, carrying the Nujol 
with it. You will notice that the drops of Nujol move over the surface 
without any change. If I put on some more Nujol it does not spread; 
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it merely collects as large drops 
on the surface. 

This pure hydrocarbon oil does 
not spread at all on the water, 
but a very small trace of oleic 
acid in it will cause it to spread. 
Only 0.00001 part of oleic acid 
will cause the Nujol to spread 
gradually over the surface. 

What is the difference between 
the hydrocarbon oil and oleic 
acid that is responsible for the 
entire difference in behavior of 
these substances when spread on 
water? 

I can illustrate this by giving 
you the chemical composition of 
oleic acid. Oleic acid consists of 
long molecules that have eighteen 
carbon atoms in a row. There 
are two carbon atoms in the 
center that are attached by a 
double bond, and the rest of them 
are connected by single bonds. 
Hydrogen atoms are attached to 
all the carbon atoms, until here 
at the end there is an oxygen 
atom tied by a double bond and 
an oxygen-hydrogen group held 
by a single bond (Figure 15). 
This is the chemical structure 
of an oleic acid molecule, a very 
long molecule with eighteen car- 
bon atoms, surrounded on all 
sides by hydrogen, and at the 
end of the molecule what chemists 
call a carboxyl group consisting 
of two oxygen atoms, a hydrogen 
atom and one carbon atom, at 
the end of this chain. This 
carboxyl is a group that is 
characteristic of all fatty acid 
molecules. An oil like Nujol 
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FIGURE 11.—“‘. . ... CORRESPONDS TO BLOWING 
ON THE SURFACE OF THE WATER.” 











FIGuRE 12. .... CORRESPONDING AGAIN 
TO WHAT I CAN DO WITH MY PAPER BARRIER 
IN THE CASE OF OLEIC ACID.”’ 








FIGURE 13.—“ IT DOES NOT SPREAD AT 


Abe 
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or a pure hydrocarbon oil has no such group as this. It consists simply of a 
long row of carbon and hydrogen atoms and we must, therefore, look 
upon this carboxyl group as being responsible for the spreading of oleic 
acid on water. In fact, if we make experiments with a large number of 
different substances, some having such groups and others not, we find that 
the presence of such a group as that carboxyl group is really the criterion 
for the spreading of the oil on the 
surface of the water. 

Why does this group cause 
spreading of oil on water? It is 
not hard to guess, at any rate. 
This hydrocarbon part of the 
molecule has properties of Nujol. 
It does not mix with water, nor 
dissolve. It does not even spread 
on water. This carboxyl group 
is characteristic of oleic acid, 
stearic acid, acetic acid, etc. All 
of these acids contain this group. 
In all it increases the solubility 
of. the acid in water. Acetic 
acid, for example, mixes with 
water in all proportions. We see 
that this group is responsible for 
the spreading on the surface of 
the water, and it takes place un- 
doubtedly in the following way. 

If this (a horizontal line on 
the blackboard) represents the 
surface of the water, and we 
have a molecule of this kind in 
contact with it, then we have 
this hydrocarbon part, hydrogen 
and carbon, not in contact with 
the water, and the active end, 
or. carboxyl group, surrounding 
itself with water just as if it went 
into solution (Figure 16). This carboxyl end dissolves in water, but is not 
able to drag this hydrocarbon part into solution. In that case the water 
becomes covered with a set of molecules which are placed beside each 
other. The whole surface of the water is covered by the single layer 
of molecules, packed tightly together side by side with their heads, or 
active ends, all in intimate contact with the water. Ifa globule of oleic 











FiGuRE 14.—‘‘IF I MOVE THE WIRE DOWN A 
LITTLE DEEPER,...... oy 
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acid is placed on the water it 
spreads so that the affinity for 
the water becomes satisfied, and 
yet the tendency of these hydro- 
carbon molecules to mix with one 
another is also satisfied. 

We then see how by this con- 
ception we explain the presence 
of monomolecular films of oil on 
water. Measurements such as I 
have described enable us to do 
something more than was pos- 
sible for Rayleigh. It enables us 
to make measurements of the 
shapes of the molecules. 

Lord Rayleigh found that the 
thickness of the film was about 
one hundred millionth of an inch. 
We now can get cross-sections of 
the molecules and see if they are 
spherical or elongated. That is 
done in this way. The chemist 
knows, largely from the work of 
the physicist, just how much 
every molecule weighs. He 
knows, for example, that a mole- 
cule of oleic acid weighs 4.6 X 
10-* gram. In a given experi- 
ment we can tell how much oleic 
acid is put on the surface of the 
water. That can best be done 
by taking a very small amount 
of acid, putting it in a large, 
measured volume of benzol, shak- 
ing and mixing well, and taking 
out a single drop. It is dropped 
by this dropping pipet, which 
has been calibrated, and which 
transfers to the surface of the 
oil a very minute but accurately 
known amount of oleic acid. 
Knowing the weight of each 
molecule we can tell how many 











FIGURE 15.—‘“‘ HERE AT THE END 
THERE IS AN OXYGEN ATOM TIED BY A DOUBLE 
BOND AND AN OXYGEN-HYDROGEN GROUP 


” 


HELD BY A SINGLE BOND. 





FIGURE 16.—“....THE ACTIVE END, OR 
CARBOXYL GROUP, SURROUNDING ITSELF WITH 
WATER JUST AS IF IT WENT INTO SOLUTION.” 
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molecules we have. Knowing how much area is covered by these mole- 
cules, we can find the area occupied by each one. We can see from this 
what will be the cross-section of the molecule. 

Measurements of cross-sections of various kinds of molecules furnish 
one of the best proofs of the correctness of this viewpoint of the orienta- 
tion of molecules on the surface of the water. For example, in a paper 
that I wrote about these measurements a good many years ago, I have a 
table giving the cross-sections of a large number of different molecules 
(Figure 17), as well as the length of the molecules as determined by this 
method. 

I shall show you this. Known amounts of benzol solutions of these 
various substances were placed on water, and the area of the film deter- 
mined. In that way the cross-section of each of these molecules was found. 
For example, palmitic acid, which is one of the acids which constitute soap, 
has an area of 24 X 10~'® square 
centimeters. 

Oleic acid, about which we 
have been talking so much, has 
an area of about 48 xX 107!8 
square centimeters. You notice 
that these different acids are just 
alike, in that they have one 
COOH group, but have different 
lengths of hydrocarbon chains, 
yet they occupy the same area 

FIGURE 17.—“‘. .. .A TABLE, GIVING CROSS- on the surface of the water. In 
SECTIONS OF A LARGE NUMBER OF DIFFERENT other words a cross-section of 
MOLECULES,....”’ : 

‘ the molecule is the same, as 
wide as it is long, with an active group only at one end. As we see in 
this table, the length of the molecule increases from 19.6 to 29 as we 
increase the length of the hydrocarbon chain. 

This substance, triolein, is the main constituent of olive oil. It isacom- 
pound of oleic acid and glycerin. It contains three of these active groups 
of oleic acid. Its cross-section occupies an area three times as great as 
oleic acid, showing that three chains, arranged side by side, each held by 
an active end on the water surface, increase the area. 

These measurements show very conclusively, I think, that this concep- 
tion of the molecule as erect on the surface is correct. 

If we have a molecule such as triolein that has three active groups, hold- 
ing three tails, we have an area three times as great as if we had only one 
such group. If we have an increased length of the chain like this, we 
get twice the thickness of the film but the same area, so we must conceive 
of these oil films as having an active end and an inert tail. These tails are 
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allowed to move around freely as sea-weed or eel-grass in water, and as 
the water disappears the tails intermingle. 

We must think of these things as having snake-like or grass-like tails, 
attached firmly at one end to the surface of the water. That conception 
accounts for most of the properties of oil films and allows us to generalize 
many of these surface tension phenomena and get an explanation of a 
great many things that I have not had time to go into. 

I will show you another experi- 

ment that will demonstrate some 
of the properties of oleic acid 
films on water. This is a bottle 
of ordinary water. I am going to 
dissolve in it some ordinary anes- 
thetic ether, until I prepare a 
saturated solution. About five 
per cent by weight will dissolve. 
You can perhaps see a layer of 
ether floating on the water, a 
layer about */s inch thick. I will 
shake this; watch and see if any 
ether rises to the surface. A 
little does. I will shake again, 
and keep this up until I see the 
ether has gone. Then I will put 
in a little more, and in that way I 
get my solution saturated. Now 
I can see little globules of ether 
floating in the water (Figure 18) 
and gradually accumulating on 
the surface; so I have a satu- 
rated solution. 

I am going to take some of the 
solution and put it in this tray. 

I will light it with a match, and 

flames arise from it. I now place FIGURE 18.—‘‘NOWI CAN SEE LITTLE GLOB- 
on it a little oleic acid and extin- ULES OF ETHER FLOATING IN WATER... .’ 
guish these flames. I take the 

ether solution and pour a good deal of it into the tray, filling it pretty full 
so that you can see the surface very plainly, and also so that the flames 
when I set fire to the ether will not scorch the sides of the hard rubber tray. 

There is probably a little contamination, a little oleic acid on the surface 
since the tray was used before, so I will clean the surface by scraping, and 
now I will light the ether. You see the ether in the water burning, leaving 
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FIGURE 19.—‘‘....THE ETHER IN THE WATER 
BURNING, LEAVES THE WATER BEHIND IT.” 
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FIGURE 20.—‘‘. ..... THE FIRE GRADUALLY EX- 
TINGUISHED UNTIL iT GOES OUT ENTIRELY.” 








1F I STOP STIRRING, IT 
GOES OUT.” 


FIGURE 21.—‘“‘ 
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the water behind it (Figure 19). 
This fire, because of the water, 
is not so dangerous as ether fires 
alone. 

Now at this end I will put ina 
little oleic acid. | Watch the fire 
become gradually extinguished 
until it goes out entirely (Figure 
20). This surface, now covered 
with oleic acid, cannot be ig- 
nited, as you see. But if I put 
this glass rod down and stir it 
from underneath, I immediately 
get flashes. If I stir vigorously 
enough, you can see that it burns; 
and if I stop stirring, it goes out 
(Figure 21). This experiment 
seems to show that a film of oleic 
acid is impermeable to ether— 
that ether does not get out of 
the solution because the acid 
film is present. The fact is borne 
out if we make measurements of 
loss of weight. 

In some other experiments I 
have taken some of these five 
per cent solutions, put weighed 
amounts in glass dishes, covered 
one with oleic acid and not 
covered the other. A current of 
air was blown on both, and after a 
definite time interval we weighed 
them again and found what the 
loss of weight had been. We 
have found that the ether solu- 
tion loses weight about nine 
times as fast if it is not covered 
with oleic acid; in other words, 
oleic acid cuts the evaporation 
down to about one-ninth. 

It would seem that such an 
impermeability would be very 
important in biological phenom- 
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na. Unfortunately, more experiments seem to have shown that this im- 

yermeability of films is certainly not shown by this experiment. The 
nterpretation is really a different one. 

If we watch very carefully the surface of water that is covered with 
‘ther, we find it is in a constant state of motion. There are currents set 
ip in the water, and these currents are stopped by a film of oleic acid. 

I want to show you an experi- 
nent that will demonstrate these 
motions. This tray has just been 
illed with the ether solution. 
{ want you to see the surface of 
the ether, looking toward the 
window at the reflection in the 
surface. I have just cleaned this 
surface of ether solution by scrap- 
ing it. If I now blow on this 
surface, you see that it twitches, 
and motions are set up (Figure 
22) in the surface because of 
evaporation of ether in some 
places more than others. 

I will blow again, and again, 
to show what these motions are. 
I put a little sulfur on the part 
of the surface which appears to 
be contaminated with a little oil. 
The other parts are in a very 
active state of motion. If I put 
a little oleic acid on the part that 
is covered with the sulfur and 
allow it to spread over the sur- 
face, these motions now stop. 

I blow, and this only causes 
about the same disturbance as if I 
should blow on ordinary water. I 
blow again, and there is just a 
slight surface motion (Figure 23). 

I will scrape the surface again to get rid of the oleic acid film, and show 
that the failure of the surface to move when I blow on it is not because of 
lack of ether, but due to the presence of a film on the surface. Again the 
surface moves, when the oleic acid film is removed. I blow and get a 
twitching motion. 

I will divide this surface, which is relatively clean, into halves, and put 
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oleic acid on one half only. If I blow, you will see that one side without 
oleic acid moves vigorously, and the other practically not at all. 

Also, if I light this with a match, only this half without oleic acid burns 
(Figure 24). The other contains no ether vapor over the free surface. The 
stopping of the motion of the surface when oleic acid is put on the water 
surface is the real cause of the decreased rate in the evaporation of the ether. 

I will explain that. If we con 
sider free surfaces of water, the 
ether molecules that are in solu- 
tion will be continually moving 
or diffusing to the surface, and 
there they behave just as cam- 
phor molecules or oleic acid mole- 
cules do. Ether is one of the 
substances that tends to spread 
over the surface of water. 

Let us consider a free surface 
from which evaporation is taking 
place. That is, let us consider 
FIGURE 23.—* a cafe SLIGHT SURFACE that here on the surface there is a 

, strong current of air causing evap- 
oration. The ether is diffusing 


5 gr upward over the whole surface, 
| covering the surface with a single 
, layer of ether molecules. Now 














evaporation removes the mole- 
cules from this point, and these 
molecules are continually being 
replaced from the bottom, and 
are being crowded against one 
another because they are all try- 
ing to occupy space in the surface. 
SaEEeeemnnenee en Therefore, evaporation of the 
ether from this point causes 
motion of the surface toward 
this point, and causes circulation of liquid down here and up here 
(Figure 25). This circulation stirs the whole mass of liquid and keeps 
up the supply of ether molecules right at the point at which evaporation 
is taking place. 

Let us compare that with the case of a surface covered with oleic acid. 
If we have a layer of oleic acid molecules on the surface and, underneath that, 
an ether solution (Figure 26), the ether can penetrate through the oleic acid 
quite easily. But there can be no lateral surface currents, so here you get a 








FIGURE 24.—“ ONLY THIS HALF BURNS.”’ 
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egion from which the ether has evaporated. It is that action of oleic acid 
vhich stops the evaporation of the ether. The ether has to come up through 
he liquid by diffusion, and that exhausts the liquid here, so that we get 

surface which becomes exhausted instead of being constantly replenished. 

The real rate of evaporation is determined by the rate at which it gets 

wut through the air. With oleic acid films it is determined by the rate at 
vhich it gets out through the 
vater. Wesee that these experi- 
uents with ether in water do not 
hrow any definite light on the 
juestion of the impermeability of 
hese films for dissolved sub- 
stances. 

In biology, however, we know 
that cell walls are extraordinarily 
impervious to certain substances. 
Thatis, it is the ability of cell walls 
to prevent diffusion of hydrochlo- 
ric acid that makes it possible for 











FIGURE 25.—‘'......CAUSES CIRCULATION 
” 


cells to exist in acid surround- or :iguip DOWN HERE AND UP HERE..... 


ings. When hydrochloric aoid 


gets through cell walls it kills 
the cells, which explains the 
poisoning effect of mustard gas. 

A film of oleic acid on pure 
water does not seem to affect 
the rate of evaporation of the 
water. You cannot measure the 
rate of evaporation of water under 
ordinary conditions at atmos- 
pheric pressure—with a fan, for 
example—the reason being that 
we are really measuring the rate 
of diffusion of vapor through the  FICURF gh aa 
air. By working in a vacuum, 

Professor Rideal was able to show that the rate of evaporation was cut 
down by an oil film a great deal—as a matter of fact, to about '/soth of 
what it would be without a film. 

I have tried a great many different substances on water at atmospheric 
pressure, and I find only one which, at molecular thickness, does cut down 
the rate of evaporation of the water. That is cetyl alcohol corresponding 
to eighteen atoms—the same as oleic acid—with an OH group at the end 
instead of COOH. This cuts down the rate of evaporation in vacuum 
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30,000-fold, or cuts down the rate of evaporation at ordinary pressure to 
about one-half. So the permeability of cell walls is something that we 
have a little light on from this work; but I do believe that future work in 
this field will help to throw a great deal of light on the structure of cell 
walls and the mechanism of living processes. 


The Occult Beginnings of Authentic Science. The following is an abstract of an 
address delivered by Prof. Tenney L. Davis of M. I. T. before the December meeting 
of the Connecticut Valley Section of the A. C. S. 

Primitive science may be said to have consisted only in observation. The first 
step in its growth away from this stage was the sifting and distinction of things, the 
separation of that which was from that which was not. Inthe emerald tablet of Hermes 
is found this concept of opposites, a separating of all things according to their positive or 
negative properties. In the Egyptian lore, one meets Osirus, the sun god, the hot, ac- 
tive positive element, and on the other hand, Isis, the moon god, the moist, cold, im- 
passive, the negative or feminine element. In the Yin-Yang of Chinese philosophy is 
the same concept of opposites: Yin, the shady side of the house, the negative or feminine, 
and on the other hand Yang, the sunny side of the house, the hot, dry masculine ele- 
ment. In 300 A.D. sulfur found use as the positive or active principle, mercury as the 
negative or inactive principle. Paracelsus introduced a third term, neutral salt, which 
was neither positive nor negative but a blending of the two. 

The next step was the beginning of man’s thought concerning knowledge about 
knowledge. To follow the reasoning of the ancients, if we represent the three elements 
of knowledge by the numbers 1, 2, and 3, then knowledge about these three may be repre- 
sented by 4,5,and 6. Now let the series 1, 2, and 3 be the positive series, and 4, 5, 
and 6 the negative. We round it off by conceiving the third or neutral series 7, 8, and 9. 
If one knows up to 3, he possesses knowledge. If he knows up to 7, he is on a fair 
way to possessing knowledge about knowledge. As a consequence, the numbers 3 and 
7 have always had a special significance. There are 7 days in the week; the years of 
man’s life are threescore and ten, or seventy years; the boy becomes a man at twenty- 
one, again a multiple of seven. The number ten is the divine number outside of man’s 
conceit. Hence we find the ten commandments, ten cherubim and seraphim in art. 

The Aristotelian elements: fire, air, earth, and water present a more complex 
system of coutraries, a system of two pairs of opposites. These are often represented 
diagrammatically, the four elements at the four corners of a square with an inscribed 
circle representing a quinta essentia, a fifth element or quintessence. 

More involved still is the later system of Roger Bacon, that of three contraries, 
knowledge, will, and power, represented as the three sides of an equilateral triangle. 
Outside this triangle and inside the circumscribed circle is a fourth element necessary 
for perfection, the element of intelligent restraint. Diagrams of this sort find their way 
into medieval art and architecture. 

These concepts which mark the beginning of science may seem very strange and 
fantastic to us with our present-day knowledge, but if we only try to put ourselves in 
the position of the men of that age and try to understand the vocabulary and sym- 
bolism which they used we find much in their thought which has endured to this day. 
We must recognize also that these concepts were the product of the best brains of that 
era and are therefore not to be lightly cast aside, but rather studied.—The Nucleus 





THE SULFIDES OF CARBON 


KENNETH A. KOBE, UNIVERSITY OF MINNESOTA, MINNEAPOLIS, MINNESOTA 


The relationships of the periodic table are illustrated by the carbon com- 
hounds of oxygen and of sulfur. Carbon disulfide, carbon monosulfide, and 
carbon subsulfide are well-established compounds and other sulfides have 
een reported. The chemistry of these compounds is discussed with regard to 
he relation between oxygen and sulfur. That both elements can exist in a 
ompound ts illustrated by carbon oxysulfide. 


The relationships of the periodic table are often illustrated by the 
formation and properties of analogous compounds of oxygen and sulfur, 
which show not only the close relationship of many compounds but also 
the tendency toward combination with the higher valences of the heavier 
element. The carbon compounds of oxygen and sulfur are not suitable 
for examples for no elementary text mentions any sulfide of carbon other 
than carbon disulfide or mentions that a mixed compound with both oxygen 
and sulfur exists. The existence of sulfides of carbon analogous to the 
oxides of carbon (1) is known and illustrates the relationships of the 
periodic table. 

Carbon Disulfide 


Carbon disulfide is commercially prepared in large quantities by the 
direct action of sulfur vapor on carbon at a temperature of 850° to 900° 
(2). An electric arc melts and vaporizes the sulfur which rises through a 
bed of charcoal or coke, forming carbon disulfide which passes off at the 
top of the furnace and is condensed. The commercial product has a dis- 
agreeable odor due to the presence of other sulfur compounds. When 
purified (3), however, it has a sweet odor similar to chloroform. 

The sulfur analog of carbon dioxide should also be an acid anhydride 
and is the anhydride of thiocarbonic acid, H2CS;, in which sulfur atoms 
replace the oxygen atoms of carbonic acid. As early as 1826 Berzelius 
(4) showed that carbon disulfide dissolved in a solution of sodium sulfide 
to form sodium thiocarbonate which could be precipitated as a yellow- 
brown oil by the addition of alcohol. If he added dilute hydrochloric acid 
to the solution, free thiocarbonic acid separated as a yellow-red oil. Thio-+ 
carbonic acid is much more stable than carbonic acid, possibly since carbon 
dioxide is a gaseous product of decomposition. Percarbonates may be 
formed by the action of hydrogen peroxide on the alkali carbonates or 
by passing carbon dioxide into a solution of a peroxide. 


O—O—Na 
O—Na 


i~-O+-0 ai CO O=mcg 


Perthiocarbonates (as NasCS,) are formed by the action of carbon di- 
sulfide on solutions of alkali disulfides (5) or by the direct action of sulfur 
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on a thiocarbonate. The latter method is not similar to any method used 
for percarbonates and illustrates the greater tendency for chain formation 
shown by sulfur in comparison with oxygen. Yeoman (6) showed that 
when purified thiocarbonates were treated with hydrochloric acid in the 
absence of oxygen there was no red oily liquid formed, but in the presence 
of air it formed slowly. He concluded that thiocarbonic acid was soluble 
in water and the red oily liquid was perthiocarbonic acid, H2CS,. It is 
soluble in most organic solvents but soon decomposes to carbon disulfide, 
hydrogen sulfide, and free sulfur. It is much more stable toward strong 
acids and can be kept for several days in concentrated hydrochloric acid. 
Many salts of thiocarbonic and perthiocarbonic acids have been prepared 
in a very pure state by Yeoman. Organic derivatives of orthothiocarbonic 
acid, C(SH),4, have been prepared in a manner similar to those of ortho- 
carbonic acid, C(OH),, but no inorganic salts of either acid are known (7). 
When an alkali salt of an alcohol is treated with carbon disulfide the 
alkali salt of xanthic (xanthogenic) acid is formed (8). 
C:H;ONa + CS; —> C,H;O—CS—SNa 


This reaction of alkali derivatives of alcohols is extremely important in- 
dustrially for the viscose process in the manufacture of rayon is based 
upon it (9). Cellulose contains hydroxyl groups which can form sodium 
derivatives which react with carbon disulfide to form cellulose xanthate. 


This compound is soluble and may be pressed through dies into an acid 
bath which decomposes the salt and regenerates the cellulose as a thread 
of rayon. 


Carbon Monosulfide 


From the analogous carbon monoxide one would expect carbon mono- 
sulfide to exist as a gas under ordinary conditions; however, the existence 
of a gaseous form has been a subject of controversy. In 1857, Baudri- 
mont (10) gave nine methods of preparation and described the compound 
as a colorless gas smelling like ether. Various later investigators showed 
that these observations were probably wrong (11). Sidot found that 
when carbon disulfide was exposed to sunlight (12) a red powder was formed 
which had the composition CS, and that the carbon disulfide also contained 
free sulfur. Carbon disulfide in the silent electric discharge gave a red 
deposit on the walls of the tube, which had the composition CS (13), and 
ultra-violet light had the same effect on a carbon tetrachloride solution of 
the disulfide (14). Active nitrogen reacts with carbon disulfide to give a 
deposit of carbon monosulfide and nitrogen sulfide (15). The best method 
of preparation is that of Dewar and Jones (16) who found that thiophos- 
gene reacts rapidly with nickel carbonyl at ordinary temperatures ac- 
cording to the equation 

n CSCl, + n Ni(CO), —> n NiCl, + 4n CO + (CS)n 
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‘he reactants can be mixed directly or the reaction carried out in a solu- 
ion of ether, ligroin, carbon tetrachloride, or chloroform. After the re- 
.ction the nickel chloride is removed by solution in water. The solid is 
nally vacuum-dried, but as it retains water and thiophosgene very tena- 
iously the solid is never entirely free from these. 

From a comparison of the critical temperature of carbon dioxide, di- 
wulfide, and monoxide, it can be predicted that the boiling point of carbon 
nonosulfide would be about —130°, so it is apparent that the red solid 
‘ormed in these reactions is a polymerized form. It is practically insoluble 
n alcohol, ether, benzene, or ligroin, but is slightly soluble in carbon di- 
sulfide, ethylene dibromide, naphthalene, or phenol giving deeply colored, 
red-brown solutions. The solubility is too low for a molecular-weight 
determination. The red solid dissolves in an aqueous or alcoholic solution 
of ammonia, ammonium sulfide, potassium hydroxide, or sulfide giving a 
deep brown solution from which acids precipitate the solid apparently 
unchanged. It is not affected by dilute sulfuric acid but dissolves in the 
concentrated acid forming a brown-purple solution whose color is slowly 
destroyed at the boiling point of the acid with the evolution of carbon di- 
oxide and sulfur dioxide. When the polymer is heated to a low red heat 
carbon disulfide is evolved, leaving a residue containing some sulfur. When 
heated in a stream of dry hydrogen, hydrogen sulfide is evolved and the 
residue is almost free from sulfur. 

The existence of gaseous carbon monosulfide has never been proved. 
The methods of Baudrimont were shown to be in error and likewise the 
later claims of Deninger were disputed by Russel and Smith (17) and those 
of Thomsen by Stock and Kuchler (18). That the gas may exist is shown 
by the experiments of Dewar and Jones (19) in which carbon disulfide 
vapor was subjected to the silent electric discharge in an ozonizer. The 
exit gas from the tube was collected in a trap cooled in liquid air but when 
the liquid air was removed an explosion shattered the tube, but left a brown 
solid having the composition and properties of the polymerized carbon 
monosulfide prepared from thiophosgene and nickel carbonyl. They found 
the gas to be fairly stable in the presence of excess carbon disulfide vapor 
as it could be passed through a tube at 450° with no change. When the, 
mixture of gases was passed through a trap at —120° followed by one at 
—185°, it was found that the first trap did not condense the explosive 
gas, but the second one did. Even at —210° the white deposit which first 
condenses acquires a brown color in fifteen minutes, while at — 185° the 
change is quite rapid, becoming explosive as the liquid air is removed. The 
evidence of Dewar and Jones makes it extremely probable that the origi- 
nal compound is the gaseous carbon monosulfide; however, its stability 
is such that it cannot be isolated as such but must exist under ordinary 
conditions in the form of the solid polymer. The reason for this is un- 
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doubtedly the fact that sulfur has a great tendency to use its higher 
valencies, a property that oxygen but seldom shows, so that the carbon 
and sulfur atoms have united to form a long chain, as 

Carbon Subsulfide 


Carbon subsulfide, CsS2, was first prepared in 1893, thirteen years before 
the corresponding oxide, by von Lengyel (20). Its manner of preparation 
differed greatly from that of the oxide, as it was prepared by exposing 
carbon disulfide vapors to an electric arc from carbon electrodes. Some 
black solid was formed but when this was filtered off a cherry-red solution 
was obtained from which free sulfur was removed by allowing the solu- 
tion to stand over metallic copper for a week. Thus it is possible for 
free sulfur to be a decomposition product while the more active oxygen 
cannot be split out in this manner. When the excess carbon disulfide was 
removed a deep red liquid remained which had the composition C;S». 
This compound was later prepared by Stock and Praetorius (21) by passing 
carbon disulfide through a quartz tube heated to 1000-1100°. 

Von Lengyel named the compound tricarbonium disulfide, but Stock 
and Praetorius changed it to carbon subsulfide in analogy with the corre- 
sponding oxygen compound. ‘The former investigator assigned the struc- 


ture C=C—C=S to which Michael’s formula for carbon suboxide corre- 
Rasccalihinnnsnd 


sponds, while the latter workers assigned the structure S=C=C=C=S, 
corresponding to Diel’s structure for carbon suboxide. Molecular-weight 
determinations by both vapor-density and freezing-point methods show 
the molecular formula to be C;S:. 

Carbon subsulfide at room temperature is a bright red liquid with a 
pungent odor and a vigorous action on the mucous membrane and eyes. 
Its melting point is —0.5°. It can be distilled under a high vacuum but 
on heating it polymerizes. It does not mix with water in which it merely 
sinks. It is soluble in various organic solvents but is stable only in dilute 
solution in carbon disulfide. Carbon subsulfide burns in air forming car- 
bon dioxide and sulfur dioxide. It reacts with aniline to form the dianilide 
of thiomalonic acid, a reaction similar to that of the suboxide. 


C;S. + 2CsH;NH;, —> CH2(CSNHCeHs)2 


With bromine it immediately reacts to form a yellow hexabromide, C3S2- 
Brs. Alkali solutions give a black solution which when acidified give a 
black precipitate, undoubtedly the polymer. Like carbon suboxide, polym- 
erization takes place very readily to form a hard black mass. Polym- 
erization is caused by heating, by a drop of concentrated sulfuric acid, or 
by alkaline solutions. The polymer is insoluble in everything except 
concentrated potassium hydroxide solution from which it is reprecipitated 
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unaltered by acids. When the polymer is heated it decomposes, forming 
sulfur and leaving a residue which still contains 39% sulfur. When heated 
in a vacuum it forms carbon disulfide, as would be expected from the de- 
composition of polymerized carbon suboxide. 


Other Sulfides of Carbon 


As with the oxides of carbon, several other combinations of sulfur and 
carbon have been reported. Most of these are results of early workers and 
their results have never been repeated; others are subject to controversy. 
The evidence for any of the sulfides given here is insufficient for a proof that 
such a definite sulfide of carbon exists. 

The sulfide C.S; was reported by Low (22) and was named carbon ses- 
quisulfide by him. When carbon disulfide was treated with sodium amal- 
gam and later extracted with water, a compound, H2C2S;3, was obtained. 
When this was treated with ammonia followed by chlorine, an amorphous 
brown solid was obtained which was but slightly soluble in carbon di- 
sulfide. When boiled with solutions of potassium or barium hydroxide 
it formed the oxalate and sulfide of the metal. This would seem to indi- 
cate that this sulfide corresponds to the anhydride of thioxalic acid. 

Low also found that when acetic acid was treated with phosphorus 
pentasulfide, a residue was left which, after extraction with water, sodium 


hydroxide solution, and carbon disulfide, had the composition expressed 
by the formula C,S (23). Ciusa (24) also claimed the preparation of 
C,S, which he called the “‘graphite of thiophene,” by heating tetraiodo- 
thiophene. 


I—C———-C—_-I 
| | -—> (CiS)n + 2nTe 
: C—I 


Meee 


All iodine was removed by heating in a stream of carbon dioxide at 450°. 
These results could not be duplicated by Wibaut (26). 

A sulfide C;S, was prepared by Raab (25) by the action of sodium on 
carbon disulfide... It too is a red-brown amorphous solid, insoluble in 
alcohol, ether, or carbon disulfide, but dissolves unchanged in alkali solu- 
tions. y 

Surface Combined Sulfur 


Wibaut (26) has studied the combination of sulfur with sugar charcoal. 
He found that by heating the carbon and sulfur in sealed tubes to 600° 
a product containing 20 to 25% of sulfur was obtained. Solvents such 
as toluene, pyridine, and sulfur monochloride did not remove sulfur even 
when heated. However, if the solid were heated to 600° in a vacuum, 
about 50% of the sulfur was removed as free sulfur and but small quantities 
of carbon disulfide were formed. If the temperature was raised to 1000- 
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1100° but 2 to 3% of sulfur remained in the charcoal and this could 
only be removed by heating in a stream of hydrogen to 450° to 700° where 
the sulfur is completely removed as hydrogen sulfide. This differs from 
the action of oxygen where free oxygen cannot be desorbed, but is removed 
as carbon dioxide or monoxide, so that sulfur is held to carbon by two kinds 
of forces, adsorption and chemical combination. 


Carbon Oxysulfide 


Although carbon oxysulfide (or carbonyl sulfide) had been prepared as 
early as 1841, it was regarded as a mixture of carbon dioxide and hydrogen 
sulfide and its true composition was not known until 1867 when Than 
(27) prepared it by passing sulfur vapor and carbon monoxide through a 
moderately heated tube. It is more conveniently prepared by the action 
of dilute sulfuric acid on potassium thiocyanate (28). 


KCNS + H:0 + 2H.2SO, —»> COS + KHSO, + NH«HSO, 
It can also be prepared by the direct action of sulfur on carbon dioxide. 
2CO. + 3S —> 2COS + SO, 


There exists an equilibrium between carbon dioxide and disulfide so that 
the oxysulfide forms when these two compounds are heated together 
(29). 
CO. + CS = 2COS 

The physical and chemical properties of carbon oxysulfide are midway 
between those of carbon dioxide and carbon disulfide. The purified gas 
is odorless. When cooled it forms a liquid boiling at —50.2° and finally 
a solid melting at — 138.2° (30). 


Boiling Heat of 
Melting Point at Critical Vapor Pres. Formation 
Point 1 Atm. Temp., °C. 0°C., Atm. Calories 
CO, — 56 —78 31 34.3 97 
COS —138 —50 105 12.5 37.3 
CS. —113 +46 273 0.17 —25.4 


The gas is not quite as soluble in water as carbon dioxide, 100 cc. of water 
at 20° absorbing 54 cc. of gas. However it is very soluble in absolute 
alcohol and in toluene, 100 cc. of the former dissolving 800 cc. of the gas 
while the latter dissolves 1500 cc. of gas. 

The dry gas is stable, but in the presence of moisture in sunlight it 
decomposes to carbon dioxide and hydrogen sulfide. At a red heat it 
decomposes to carbon monoxide and sulfur. Quartz is a marked catalyst 
for the decomposition to carbon dioxide and disulfide so that, although 
carbon oxysulfide can be kept for years in glass vessels, it is rapidly de- 
composed in quartz vessels. It burns in air, forming carbon dioxide and 
sulfur dioxide. 
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2COS + 30, —»> 2CO, + 2SO, 


When the gas is passed into a barium hydroxide solution it does not im- 
mediately give a precipitate, so that carbon dioxide is not formed at once 
in the solution. The decomposition by water occurs in two steps (31). 


COS + H.0 = HS—CO—OH —> HS + CO, 


The gas is slowly but completely absorbed by a 33% sodium hydroxide 
solution, much more rapidly by an 8% solution or by a 23% potassium 
hydroxide solution, and very rapidly by an alcoholic solution of potas- 
sium hydroxide. The reaction here undoubtedly occurs in two stages. 


COS + 2KOH —> KS—CO—OK + H:0 
KS—CO—OK + KOH -—> KSH + K;CO; 


Thus in solutions of the heavy metals, carbon oxysulfide soon gives a 
precipitate of the metal sulfide. 

In its physiological action carbon oxysulfide is very similar to carbon 
disulfide but is much more rapid in its action due to its greater volatility. 
Klason (28) found carbon oxysulfide to have a highly remarkable effect on 
the nervous system and compared it to nitrous oxide. When pure carbon 
oxysulfide is inhaled there is no effect felt for the first ten seconds. Then 
suddenly dizziness sets in and one cannot stand upright without being 
supported. A peculiar feeling of oppression in the chest and a ringing 
in the ears occurs. If the inhaling of the gas is discontinued, these symp- 
toms remain for about two minutes and then suddenly disappear leaving 
no trace of a headache or other unpleasantness. Hempel (32) found that 
a mouse dies after a very short time on being exposed to the gas even though 
highly diluted with air. The blood does not show the characteristic change 
of absorption band for carbon monoxide. All these symptoms are also 
characteristic of carbon disulfide poisoning so that the one atom of sulfur 
in the molecule is able to impart these effects. 


Conclusions 


The existence of three sulfides of carbon, carbon disulfide, carbon monot 
sulfide, and carbon subsulfide, is well substantiated. The relationships 
of the periodic table make it possible to predict the physical and chemical 
properties of the sulfides of carbon from those of the oxides, except in the 
case of carbon monosulfide. Here the tendency for sulfur to use its higher 
valencies causes the compound to be a solid polymer. Unlike oxygen, 
sulfur exists on the surface of charcoal both in an adsorbed state and chemi- 
cally combined. The physical properties of carbon oxysulfide are midway 
between those of carbon dioxide and disulfide, but in its physiological ac- 
tion it is very similar to carbon disulfide. 
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The physical relations and chemical reactions of the oxides and sulfides 
of carbon may be summarized in the following table. 
Boiling 
Melting Point 
Compound Point 1 Atm, Chemical Reactions 

CO; — 56 — 78 Anhydride of H2CO; 
COS —138 — 48 Anhydride of unstable H2CSO, 
CS. —112 + 46 Anhydride of H.2CS3 
CO —207 —1938 Rather inert 
CS Solid polymer No reactions 
C302 —111 + 7 Anhydride of CH;(COOH). 
C3Se —0.5 polymer. Anhydride of CH2(CSSH). 
C;0; decomposes Penta-ketone 
C.0c decomposes Hexa-ketone 
CypO9 decomposes Anhydride of Cs(COOH)< 
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CAROTIN AND VITAMIN A 


LAWRENCE LysLE LAcHAT, STATE DIVISION OF FEED AND FERTILIZER CONTROL, 
St. Paut, MINNESOTA 


Recent developments in the literature as to the relationship between carotin 
and vitamin A have been reviewed. It is concluded that carotin is definitely 
correlated with the physiological activity of vitamin A. 


Carotin, named from its principal vegetable source, has long engaged 
the attention of scientists in many fields of study. Carotin, according 
to Palmer (1), was first isolated in crystalline form as a yellow plant pig- 
ment from the cultivated carrot (Daucus carota). 

The American investigators have usually favored ‘‘carotin’’ as nomen- 
clature, while the British have used a slightly different term ‘‘carotene.”’ 
The ending ‘“‘ene’’ is preferred by the London Chemical Society, due to 
the fact that carotin is hydrocarbon in nature. 

Willstatter and Stoll (2) in Germany, have reviewed some of the chem- 
ical researches on carotin, while Palmer (1) has written a monograph on 
the subject. Accordingly, only incidental reference to some of the out- 
standing chemical and physical properties of carotin will be included here. 

In 1825 carotin was first isolated from carrots as a crystalline plant 
pigment. Numerous chemical studies and physical measurements were 
made following the initial discovery of carotin, establishing the fact that 
carotin is an unsaturated hydrocarbon with the empirical formula, CipH 5. 
Subsequent researches have not only associated carotin with numerous 
plant pigments, but have shown the pigment to be present in many animal 
tissues in varying amounts. 

Carotin forms colored solutions in ether, chloroform, petroleum ether, 
benzene, carbon tetrachloride, and carbon disulfide, as well as in ethereal 
and fatty oils and oleic acid. Carotin solutions are generally yellow to 
golden yellow in color, depending upon the concentration. Carbon di- 
sulfide solutions of carotin, however, are characterized by their red-orange 
to blood-red color. Carotin is very easily oxidized, being unstable in 
the presence of atmospheric oxygen. It is easily decomposed in acid media, 
but is stable in alkalies. The melting point appears to be 174°C. ab 
though carotin sinters somewhat before reaching this temperature. Caro- 
tin dissolves in concentrated sulfuric acid, producing an indigo blue color. 
A similar color reaction is produced by concentrated nitric acid, dry sul- 
furous acid, and by thymol and phenol containing concentrated hydro- 
chloric acid. Several investigators have attempted to prove the chemi- 
cal structure of carotin, but up to date the structures which have been 
proposed do not appear to explain adequately the true molecular configura- 
tion, the problem largely remaining a mystery for future research to 
solve. 

875 
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In discussing the physiological activity of carotin and its association 
or correlation with vitamin A, the facts in the following discussion have 
been treated from a historical viewpoint. 

Palmer and Eckles (3) have been largely responsible for demonstrating 
that the lipochromes of animal tissues are in reality carotinoids (caroti- 
noids being the group name for carotin and carotin-like pigments) which 
have originated in the food and which have been deposited in the fat and 
adipose tissues of the animal. They showed that carotinoids as well as 
xanthophylls of milk fat were not synthesized in the cow’s body. Xan- 
thophyll is a crystalline plant pigment, having the empirical formula 
C4oHseO2, and being very similar to carotin in its properties. It was ob- 
served that the pigments were merely taken up from the diet and subse- 
quently secreted in the milk, carotin being obtained from the unsaponifi- 
able fraction of the milk fat. 

As a result of the discovery of a substance which was fat-soluble, sup- 
ported growth, and prevented and cured xerophthalmia (an inflammation 
of the eyes caused by a deficiency of vitamin A), Osborne and Mendel 
(4) at the Connecticut Agricultural Experiment Station were led to make 
several chemical studies concerning the identity of the new accessory food 
factor. These investigators were among the first to associate pigmentation 
of fats with vitamin A activity. It was found that butter fat could be 
separated by means of crystallization into two fractions, one portion con- 
taining yellow active material and a second portion consisting of color- 
less, inactive material. 

Subsequently Drummond (5) at London, England, tested the possibility 
of the fat-soluble vitamin being a carotinoid by feeding both impure and 
pure crystalline preparations of carotin to rats suffering from vitamin A 
deficiency. Drummond gave his animals 0.003% of the carotin prepara- 
tions in the ration. The results of his experiments were negative, due 
probably to the fact that vitamin D, at that time unknown, might have 
been a limiting factor. 

Steenbock and co-workers [(6) through (15)] at the University of Wis- 
consin, in a number of publications, called attention to the relation between 
pigmentation and vitamin content of vegetable foods and they suggested 
that yellow color and vitamin A were associated in some manner. Steen- 
bock at this time advanced the idea that the fat-soluble vitamin was 
one of the yellow plant pigments or a closely related compound. A weak 
point in this theory was the occurrence of certain materials which con- 
tained as much fat-soluble vitamin as yellow pigmented foods, but which 
were much less pigmented. Cod-liver oils were found to be among these 
non-pigmented foods which were extremely potent as sources of fat-soluble 
vitamin. Steenbock explained the exceptions to his theory, suggesting 
they might be due to the presence of a leuco form of the yellow pigment 
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compound which was colorless. At this time Steenbock also stated that 
the fat-soluble vitamin was not carotin, but some other unknown yellow 
pigment. 

Perhaps an explanation is due at this point regarding the nomenclature 
and description of the fat-soluble vitamin. During the progress of the 
above experiments it was not realized that the ‘‘fat-soluble vitamin” con- 
sisted of the anti-xerophthalmic vitamin and the antirachitic vitamin, 
both of which are essential to growth. When the descriptive terms “‘fat- 
soluble vitamin’’ or ‘‘vitamin A’’ were used, it was not recognized that it 
included two factors which later proved to be distinct and separate from 
each other. 

Steenbock and colleagues also made the observation that green pig- 
mented vegetables containing chlorophyll carried considerable amounts 
of vitamin A. This assumption agreed with the theory that vitamins were 
of plant rather than animal origin. Steenbock purified several samples 
of carotin to a constant melting point and found that the carotin induced 
growth in rats after growth had been suspended by a lack of fat-soluble 
vitamin A. 

Rosenheim and Drummond (16) were also much attracted to the idea 
that an intimate relationship existed between carotin and the fat-soluble 
vitamin. Rosenheim and Drummond gave their rats a pure carotin prepa- 
ration as a supplement to a vitamin A-free ration and observed no in- 
fluence on growth. They were unable to identify vitamin A as carotin 
during these experiments, but considered that the vitamin was in some 
manner associated with the carotin type of pigment. 

Miss Coward, working with Professor Drummond, submitted a number 
of animal and vegetable oils to biological tests on rats suffering with vitamin 
A deficiency. It was concluded from several of her experiments that no 
correlation existed between vitamin potency and pigment content. 

The accumulated weight of experimental evidence appeared to support 
the contention of Palmer that the correlation of vitamin A activity with 
the carotinoids was purely accidental. 

Palmer and his associates {(17) through (22)| performed a number of 
experiments to test the hypothesis of Steenbock. The results of their 
researches showed that many of the yellow pigmented substances contained 
no appreciable vitamin A content while a number of non-pigmented foods 
proved to be very potent in vitamin A. 

In further experiments Palmer and Kempster used fowls as subjects to 
test the relationship between vitamin A and pigmented foods. Chickens 
received a ration consisting of white corn meal, white corn bran, bleached 
flour, sour separator skim milk and bone meal, the diet being practically 
free of carotinoids. This ration was given to the birds from the hatching 
period until maturity. When full-grown the hens showed normal fe- 
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cundity, carotinoid-free eggs from these birds showing normal fertility. 
It was noted that the birds lacked the natural yellow pigments in the legs, 
beak and ear lobes, but otherwise appeared to be normal. Palmer and 
Kempster, accordingly, concluded as the result of several experiments 
that the natural yellow pigment of fowls was derived from the xanthophyll 
of the food and bore no important relation to growth or to the functions 
of fecundity and reproduction, at least during one generation. 

Following the experimental studies of Palmer and Kempster, Palmer 
and Kennedy continued these experiments with albino rats. Their results 
showed the complete absence of carotinoid pigments in animals after being 
fed a pigment-free diet, although weight was maintained and the animals 
were typically free of vitamin A deficiencies. In addition data were pre- 
sented to show that carotin and vitamin A are not quantitatively associated 
in plant tissues in which both were presumably synthesized. 

Stephenson (23) performed an experiment involving adsorption phe- 
nomena and vitamin A. She used charcoal to adsorb all the coloring matter 
of fresh butter. After the completion of the adsorption process, the butter 
was observed to be colorless, resembling lard in appearance. The char- 
coal treatment, however, did not affect the vitamin content as shown by 
animal tests and she concluded that the removal of the coloring matter 
of butter does not affect the vitamin potency. 

Apparently a number of investigators had shown that the association 
of carotin and vitamin A activity was purely fortuitous. It was not until 
1928 that the subject was again reopened, largely owing to the initial re- 
searches of von Euler and his associates. 

It is instructive to reconcile the earlier experiments on carotin and vita- 
min A in the light of later knowledge concerning their relationship. At 
the present time almost all of the divergent results have been explained 
on the theory that carotin may act as the parent substance of vitamin A. 
Transformation of carotin to vitamin A in,the animal body has been shown 
experimentally, and the newer conceptions have replaced largely the older 
ideas concerning the two substances. 

In a number of papers the von Eulers and their associates [(24) through 
(26) | repeated some of the earlier experiments on vitamin A and carotin, 
recognizing the fact that vitamin D might well have been a limiting factor 
in the previous work. Carotin and carotinoids, as well as lycopin, an iso- 
mer of carotin, were observed to give a color reaction with the antimony tri- 
chloride reagent, which reaction was believed to be characteristic for vita- 
min A. When, following deprivation of vitamin A in the diet, pure carotin 
obtained from carrots was given to rats receiving an adequate source of 
vitamin D, growth of the animals was resumed. It was observed that as 
little as 0.005 milligram of carotin per day was sufficient to induce growth. 
It was further noted that carotin in chloroform solution with antimony 
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trichloride did not give a curve similar to one with cod-liver oil and anti- 
mony trichloride. However, when carotin was dissolved in peanut oil, 
a similarity became apparent. As a result these investigators were led to 
state that the carotin content and vitamin A potency were definitely re- 
lated. In subsequent experiments the remarkable vitamin potency of 
carotin was reaffirmed. Auto-oxidation of carotin was found to be cat- 
alyzed by ferric chloride and retarded by guaiacol and hydroquinone. 

In a later communication it was suggested that the vitamin A activity 
was not the property of any single substance, but was due to the presence 
in various molecules of the “‘polyene’’ grouping, a system of double bonds 
which gave rise to color reactions and which was belived to possess cataly- 
tic powers in vivo. 

Other investigators were led to attack the problem, giving rise to an 
interesting sequence of papers slowly approaching the solution of the 
problem. 

The preliminary experiments of Professor Moore [(27) through (30) | 
at Cambridge, England, indicated the possibility that the pigment might 
not independently exert the same action as the vitamin, but that it might 
act as a precursor capable of giving rise to the vitamin im vivo. It was 
observed that the ingestion of carotin by the albino rat led to no increase 
of the pigment in the liver, but to a great intensification of the color re- 
action for vitamin A. 

In a later publication, Moore found carotin samples of a high degree of 
purity to possess marked activity. This activity was manifest even in 
the absence of fat in the ration. 

Moore also noted that the activity of crystalline carotin preparations 
varied when the carotin was extracted from different sources. Carotin 
appeared, moreover, to have no detectable vitamin D activity. 

As a result of the activities of a number of investigators, there appeared 
to be a general agreement that carotin possessed intense vitamin A po- 
tency. Negative results of the earlier workers were attributed either to 
failure to supply vitamin D in the test diet or, more probably, to insufficient 
precautions against oxidation of the pigment during the administration 
of the test doses. | ’ 

In supporting the contention that the activity of carotin samples might 
be due to contamination with vitamin A, Duliere, Morton, and Drummond 
described a careful colorimetric and spectroscopic differentiation of carotin 
and vitamin A of cod-liver oil. They found in confirmation of the work 
of von Euler, von Euler and Hellstrom, that the blue colors produced in 
the antimony trichloride reaction were of slightly different shade, that of 
carotin being characterized by an absorption band at 590 my, that of 
vitamin A by a band at 608-612 mu, while in regard to the ultra-violet 
absorption spectra, vitamin A was associated with a band at 320-330 my, 
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which was absent in the case of carotin. Carotin and the vitamin were 
therefore certainly different. Since it was also found that less pure speci- 
mens of carotin, similar to those found active by other workers, differed 
but little in their spectroscopic behavior from highly purified samples, 
the additional suggestion was made that the presence of effective amounts 
of vitamin A in carotin might escape spectroscopic detection by reason of 
more intense superimposed absorption, due to the pigment itself. 

Acting on the suggestions of Professor Moore, Capper by spectroscopic 
measurement of absorption bands for vitamin A threw new light on the 
phenomenon. Capper found that the intense vitamin A activity of caro- 
tin was not accompanied by the absorption band at 328 mu, which was 
considered characteristic of vitamin A in cod-liver oils. 

The differentiation of vitamin A by the spectroscope is based on the 
studies of Morton and Heilbron (31), who found in cod-liver oil a very 
distinct selective absorption in the spectra adjacent to the ultra-violet, 
the band exhibiting a clear maximum at 328.5 mu. Capper noted that 
the absorption of carotin in this region was not sufficiently intense to ob- 
scure the absorption band at 328 mu, providing the cod-liver oil factor 
was present in an amount sufficient to account for the physiological ac- 
tivity of the pigment. By indirect means Capper has apparently shown 
that carotin either exhibits activity as the precursor or parent substance of 
vitamin A or that the vitamin may exist in two forms. Spectroscopic 
evidence, therefore, appears to support the conclusions reached by Moore 
in feeding trials. 

In subsequent experiments, Moore again confirmed the activity of 
carotin and showed it to be comparable to various cod-liver oil concen- 
trates. He tested the oil expressed from livers of rats suffering from 
vitamin A deficiency and found the oil gave negative results when treated 
with the antimony trichloride reagent. Animals after depletion of vita- 
min A were subsequently cured by the administration of carotin, as well as 
red palm oil or carrots, substances containing large amounts of carotin. 
After this treatment, traces of yellow pigment appeared in the oil of the rat 
livers, but the predominant chromogen present (999%) was vitamin A. As 
a result of these experiments, Moore concluded that carotin or some part 
thereof, if it should later prove to be heterogeneous, behaves in vivo as a 
precursor of vitamin A. 

Capper (32), (33) has recently continued by means of spectroscopic 
technic the experiments performed by Moore. Capper observed that a 
band at 325 my, generally attributed to vitamin A, was absent from the 
absorption spectra of oils from livers of vitamin A-deficient rats. Liver 
oils from animals which were subsequently cured by means of carotin 
showed the characteristic absorption band at 325 mu. Since the 325 my 
band had already been shown to be absent from the absorption spectrum 





VoL. 8, No. 5 CAROTIN AND VITAMIN A 881 


of carotin, Capper points out that it is obvious that the substance respon- 
sible for the exhibition of this band by the liver oils of carotin-treated rats 
had been synthesized im vivo from the carotin. 

In subsequent researches Drummond and colleagues were led to state 
there was no question as to the association of vitamin A with carotin. 
They postulated that somewhere in the animal organism the pigment is 
converted into a colorless substance which is vitamin A, thus supporting 
the hypothesis advanced by Moore. It is further stated that since the 
carotin content can easily be measured, quantitative estimation of vitamin 
A may be determined by spectroscopic means. 

From previous investigations the above workers observed that the 
non-saponifiable fraction of butter may contain both carotin and vitamin 
A. 

Green and Mellanby (34) have recently conducted a study of carotin 
and vitamin A from the viewpoint of bacteriology. They found carotin 
had the property of conferring complete immunity in growing rats against 
the development of spontaneous infection. Animals on diets free of carotin 
and vitamin A developed foci of putrefactive processes and subsequently 
died. When carotin was added to the food, the amount of protection 
against infection conferred on the animals was usually proportional to 
the amount of carotin eaten. 


In summing up the present status of carotin, it appears to be rather 
definitely correlated with the physiological activity of vitamin A. Ap- 
parently, a new concept as to the origin of vitamin A has been introduced, 
1. €., that the animal body possesses the ability to synthesize vitamin A. 
Carotin, closely associated with vitamin A, has revealed a larger insight 
into vitamin action and the many new discoveries concerning it have 
broadened the horizon of vitamin knowledge. 
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Refrigeration by Water. Water is the refrigerant in a new type of household 
refrigerator, and a gas-fired mercury boiler the source of energy. The Stator, which 
derives its name from the fact that it has no mechanically moving parts, is now announced 
as ready for the first stages of commercialization. 

In principle, the operation of the new refrigerator is relatively simple—mercury is 
boiled and the resulting mercury vapor at a temperature of somewhat over 700°F. 
passes through an aspirator, drawing water vapor from the brine in a cooler with it. 
The mercury vapor is then cooled and liquefied at precisely the right point in the system. 
The entrainment of the water vapor and the condensation of the mercury in the con- 
denser at this point produce a vacuum, causing water to evaporate rapidly; water in 
evaporating takes up heat, or in other words, produces the desired cooling effect or re- 
frigeration. 

The Stator is particularly effective because of the fact that water, the refrigerant, 
takes up more heat per pound in being vaporized than does any other liquid now used, 
as, for example, sulfur dioxide or ammonia. Hitherto, no one has been able, commer- 
cially, to maintain the low pressure conditions under which water could be used as a 
refrigerant. Sulfur dioxide is liquefied at 60 pounds per square inch and ammonia at 
165, whereas atmospheric pressure is enough to prevent water boiling at room tempera- 
tures. Nowhere in the Stator does pressure exceed atmospheric, and the water circulates 
under very low pressure—less than 5 millimeters of mercury. 

After passing through the aspirator, the entrapped water vapor rises to an air- 
cooled condenser, and is liquefied and returned to the cooler for re-evaporation, being 
carried by the weight of the descending column of mercury on its way back to the boiler. 
The vacuum in the system is maintained by an ingenious arrangement of mercury col- 
umns, which eliminates valves and balances any differences in pressure within the 
system. 

Unlike most refrigerators, the operation is continuous, which is an advantage in that 
the cooler varies only 2-3°F. as against 10-15°F. in some other machines. This fea- 
ture permits very rapid freezing of water for making ice cubes and maintains a more con4 
stant temperature in the refrigerator during operation. It is claimed that the Stator 
model having approximately 71/2 cu. ft. capacity uses up to 2000 cu. ft. of gas a month, 
and produces refrigeration equivalent to about 60 pounds of ice per day. The Stator 
may be an integral part of a refrigerator or may be placed in the basement. 

The Stator is a homogeneous unit of welded steel without glands, packing, or stuffing 
boxes. It is practically noiseless, has no mechanically moving parts, operates under a 
vacuum and is rendered inoperative by any open leak. It is air-cooled and is said to be 
economical to manufacture and to operate. Substantial interests are understood to be 
backing its development and, if their hopes are realized, a new refrigerator will soon 
enter the market with many desired objectives in food, store, and possibly even in home 
refrigeration attained.—ZInd. Bull. of Arthur D. Little, Inc. 
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PARACELSUS THREE YEARS BEFORE His DEATH 


This portrait is probably by A. Hirschvogel (c. 1503-69), engraved after a 
sketch from life. The signature reproduced underneath reads: ‘‘Theo- 
phrastus von Hohenheim, der Heiligen Schrift und beider Arzneien Doctor.” 





THE ICONOCLAST* 


FREDERIC WALKER, NEW BRIGHTON, STATEN ISLAND, NEw YORK 


The theories of a great scientist are often accepted blindly by posterity. 
These theories, which were once useful, then become a block to progress. Ac- 
cordingly they must be pushed aside. New theories are then set up and the 
old story repeats itself. This phenomenon is unfortunate. It emphasizes 
the new at the expense of the old and valuable contributions of early scientists 
are often forgotten. 

Galen, the great doctor, was a true scientist who realized the subservience of 
theory to fact. The middle ages however accepted Galen’s works as infallible 
but neglected his spirit of research. Paracelsus was instrumental in crushing 
the Galenic cult, making it possible for science to advance. He also brought 
about an association of the hitherto separate sciences of chemistry and medicine. 


We are told that in the year 1526 the following advertisement was 
posted at the University of Basel and possibly throughout the town. 


BEING INVITED, WITH A LARGE STIPEND, BY THE GOVERNORS OF 

BASEL, I WILL PUBLICLY INTERPRET FOR Two Hours, EVERY 

Day, My Own Books OF PRACTICAL AND THEORETICAL PHysIc, 

AND CHIRURGERY, TO THE GREAT ADVANTAGE OF My HEARERS. 
AUREOLUS PHILIPPUS THEOPHRASTUS BOMBASTUS PARACELSUS VON HOHENHEIM 


It was not so much the blatant braggadocio of this notice that attracted 
the surprised glances of students and physicians as the remark that the 
author was to interpret his own books. Innovations in the art of medicine 
or physic as it was then called were anathema. The medical art of the 
middle ages was based on the works of Hippocrates and Galen and it was 
the business of the doctors to study unquestioningly the works of these 
men if they wished to succeed, not to doubt the wisdom of the ages and 
evolve books of their own. Faith was needed and respect for authority 
if one wished to learn. These people had been taught that their minds 
were too fallible to interpret nature unaided. Appearances were deceiving 
and would mislead. ‘Who then,” they asked, “is this mountebank who 
would interpret his own books to the great advantage of his hearers} 
Who is this braggart and fool and why has he been invited by the gover- 
nors of Basel? This is heresy, the man should be thrown in prison.”’ Such 
were the murmurs that prefaced the coming of Paracelsus to the city of 
Basel where, through the intervention of Oecolampadius and the great 
Erasmus, he had been appointed Stadiarzt, or city physician, and at last 
professor of a university. 


* The illustrations used in this article are taken from ‘‘Paracelsus,”’ by J. M. Still- 
man, published by The Open Court Publishing Company, Chicago, Illinois, 1920. 
They are reproduced with the kind permission of the publishers. 
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Finally the great day came when Paracelsus made his first public ap- 
pearance at the university. Although many of the details of this event 
have been lost in the mist of time, it is still possible for us to reconstruct 
the scene from the scattered fragments of knowledge which have survived, 
supplemented with what we know of this heroic ‘‘mountebank”’ himself 
and his written works. This at least is certain, the happenings of that day 
changed the history of medicine and brought on a new era in the science of 
chemistry. 

The hall was crowded. Puzzled and irate doctors, older professors, 
curious and expectant scholars awaited the arrival of the new teacher. 
Many had come to scoff, a few to learn. Some in the audience had heard 
rumors of peculiar and effective cures administered by this strange man 
with the high-sounding appellation. It was told that Frobenius, the 
master printer of Basel, had been cured by his art. Naturally, there were 
those who had come in hopes of gaining the secret of these cures in order 
that they might make use of them themselves, without bothering at all 
with the crazy theories which flouted the learning of the Galenic school. 
A murmur of many voices filled the room. Suddenly this buzz of comment 
died as with deliberate steps the Bombast of Hohenheim, Aureolus Para- 
celsus, mounted the platform. Proud, portentous, slightly flushed, the 
German Hermes as he was later called, scowled arrogantly at his audience. 
For years he had hoped for this moment as he went from town to town 
practicing his art and perfecting his theories. For years he had censured 
the sterile orthodoxy of the schools and now at last he was here, here where 
he might speak face to face with the students and professors of a great 
university and set forth his own ideas. At his command a servant car- 
ried a brazen vessel to the platform, a few chemicals, and a largish pile 
of.books. Solemnly he caused a fire to be kindled in the vessel. Then 
he turned to the books. ‘‘These, Sir Doctors, are your treatises of Galen 
and the commentaries of Avicenna.’”’ He cast sulfur and niter on the grow- 
ing fire. There was an ominous hiss, a brilliant spire of flame. ‘‘To the 
flames with them.’’ One after another he cast the sacred volumes into 
the miniature furnace before him, naming their titles as he threw them to 
the fire. Some members of the audience hissed, a startled comment ran 
through the hall. The lecturer frowned, raised his voice. There was 
silence then, silence but for the stentorian voice of the new prophet. It 
was like a hurricane, a whirlwind, and when he paused the echoes died to 
stillness and the audience held its breath. 

“What will you do now, Physicians and Doctors? Do you not see 
clearly? Have you carbuncles instead of eyes? Your prince Galen is in 
hell and if you knew what he has written me from that place, you would 
cross yourselves with a fox’s tail. Your Avicenna is at the gate of pur- 
gatory. I have talked with him there. 1 have learned his secrets and 
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I have shown him his folly. Oh, Hypocrites, do you not wish to hear the 
voice of a doctor instructed in the works of God? After my death, my 
disciples will find you out, they will make known your dirty drugs with 
which you poison Christian Princes and Christian Seigneurs. I have not 
come here to discuss your scurvy trade. It is not worthy of my breath. 
My very beard has more knowledge than all your heads. 

“Today I will not speak of Galenists, I will speak rather of the Spagiric 
Doctors, the Doctors of Chemistry.’”’ The speaker paused. A vague 
murmur expressed the disapproval of his audience. ‘‘Chemists,”’ they 
must have thought, “Is the man serious? Chemists are gold-makers, 
charlatans, and quacks dealing in magic. The less one has to do with them, 
the better.’’ Suddenly the speaker continued and once again his command- 
ing voice brought silence. ‘These at least,’’ he went on, ‘are not lazy 
like the others. They dress not in fine velvet, in taffetas, or silk. They 
have no rings upon their fingers or white gloves. They do not frequent 
public places, they pass their time in laboratories. They wear rough 
leather pants and a leather apron upon which to wipe their hands. They 
are willing to put their hands in charcoal or in filth. They are black 
like smiths or charcoal burners. They speak little and do not boast their 
drugs. They work in the fire ceaselessly to learn the secrets of their 
art, the degrees of alchemy. These men study nature at first hand. 

“You, who after having studied Hippocrates, Galen, and Avicenna, be- 
lieve you know all, know nothing; you wish to prescribe medicines and 
are ignorant of the art of preparing them. Chemistry gives us the solu- 
tion of all the problems of physiology, pathology, and therapeutics. With- 
out chemistry you but feel your way in darkness. Doctors of Paris, of 
Montpelier, of Italy, Greeks, Arabians, Jews, all of you must follow me. 
It is not for me to follow you. I will be your king.” 

With such an introduction as this Paracelsus began his first lecture at 
Basel University. As we have seen, the sudden vigor of his attack left 
his opponents speechless while those who had come to learn were now 
more eager than before. Then, ere the effects of his outspoken challenge 
to all authority had died, he began the careful exposition of his theories. 
Persistently and insistently he repeated his great rule, Experimenta est’ 
Scientia, the experiment is science. In all scientific work, the experi- 
ment, the question directed at Nature, must be the final arbiter of all 
conclusions. Nature will answer if spoken to in this way and her reply is 
worth more than all the a priori reasoning of the schools. 

At last the speaker stopped. The two hours of the first lecture seemed 
to have passed very quickly. Cries of approval from the student body filled 
the air and for the moment all opposition was drowned out. For one time 
at least Paracelsus appeared to have triumphed completely. Never had 
such applause echoed through the halls of the staid university. The 
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orthodox Galenic cult had been challenged. The battle cry was sounded. 
The first lecture of the new professor of Basel University lives forever in 
the annals of science. 

In these days when the relation of chemistry to medicine seems common- 
place, it is hard to realize how startling was this innovation of Paracelsus. 
At that time, however, chemistry was not the science that it is today. The 
alchemists, the chemists of the Middle Ages, had not set out to study the 
chemistry of the human body or to manufacture drugs, but to prove by 
experiment a theorem of philosophy, the unity of the universe. They 
believed that all was one, that all the manifold variations of matter which 
make up the physical world were but varying forms of one first matter, 
the materia prima. If they could change the base metals to gold, they 
believed that this theorem would be proved. It would also show that all 
things were of equal value and that even the most base could be perfeafed. 
This then had become the object of their endeavors. We know today that 
the idea these early chemists sought to prove was essentially true. The 
most recent findings of modern physicists confirm it. But we also know 
today, with all the knowledge of the past at our feet and the most per- 
fect of modern equipment, that the actual transmutation of the metals is 
beyond our powers. The alchemists had set for themselves an impos- 
sible task and they failed. Human avarice and the lust of gold corrupted 
their ranks. Charlatans posing as scientists claimed to have accomplished 
the impossible and preyed on the ambition of wealthy men as Subtle 
preyed on Sir Epicure Mammon in Ben Jonson’s play, ““The Alchemist.”’ 
Many such were found out and hung. Alchemy was discredited and 
honest scientists often served for gallows meat with the dishonest ad- 
venturers. The time had now come when chemistry must either give up 
the search for gold or die, a futile cul-de-sac of human endeavor It was 
at this time that Paracelsus came upon the scene and utilized the knowl- 
edge the alchemists had gained in their fruitless labors for a more prac- 
tical goal. Other chemists had attempted this before him but their efforts 
had passed unheeded. It was Paracelsus who really made this thing an 
end in itself and preached broadcast the art of chemico-therapy. 

In the middle ages, the science of medicine had become singularly sterile. 
Experiment was dead and the only research permitted was the painstaking 
examination of ancient texts. Somewhere in the distant past Claudius 
Galen had existed and written his books and these books and the commen- 
taries upon them were now accepted as the last word in medical art. The 
works of Hippocrates also bore weight but they were considered as being 
much less important. The dissection of the human body was forbidden 
even had it been considered worth attempting. Until the coming of 
Paracelsus we find the doctors relying on the time-worn formulas of ages 
past and pluming themselves on the hoary antiquity of their ignorance. 
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He saw that if medicine was to grow, the cult of Galen must be crushed. 
He saw that the knowledge of the alchemist must be incorporated in the 
science of physic. There had been better men and there had been better 
scientists but it was this one who with one immovable purpose picked up 
the firebrand of revolution and rallied the doctors and chemists of the re- 
naissance to a new standard. He could speak with the tongues of angels 
and vituperate with all the oaths of hell. The philosophic calm of a Ham- 
let is not suited for action and action is needed for a reform. Paracelsus 
was the prophet and fanatic. In these things lay his weakness and his 
strength. 

In the days that followed the first lecture, the impetuous virility of the 
attack upon the old-school doctors was continued with undiminishing vigor. 
Daily time-worn theories were demolished and new and revolutionary 
ones were set up in their place. The hard-won truths of alchemistic en- 
deavor were set forth and their light brought to bear upon the art of 
healing. New and valuable contributions to the art of surgery were first 
disclosed. 

Old creeds, however, die hard and although many a young scholar was 
won to the Paracelsian cause, the opposition of the Galenic doctors was 
scarcely softened by the vehemence of the attack. They could not very 
well reply to the searching logic of this mad chemist and for this they hated 
him the more. When the defenders of the old find that reason is no longer 
their ally, they turn to force, to guile, in short to any weapon that lies at 
hand. The nature of Paracelsus was not a compromising one. His 
manner was scarcely ingratiating. The same flame that burned the works 
of Galen and Avicenna on the memorable day of the first lecture, lit the 
fire of an opposition that smoldered for a while in silence and then at 
last burst forth. ; 

But now for a moment before we go on to tell by what means these 
Galenists sought to achieve their ends, we must pause and try to under- 
stand somewhat the origin of the Galenic school. Who was this Galen? 
Had he really imposed the barren dictates of a dogmatic doctrine upon 
the world of science? Only by knowing the true story of Galen’s life can 
we appreciate the irony of Paracelsus’ fate. 

He was born in Pergamum in Asia Minor in the year 129 A.D. His 
father, Nikon, an educated man passed on his learning to his son but this 
was not all, he gave him his wisdom too. He told him to avoid all sects, 
to hold himself apart like a true philosopher, to see all, to study all, and 
then at last to form his own judgment. No doctrine could have been 
more fitting for the instruction of a future scientist. Nikon gave Galen 
a love for science and fanned the growing desire of the young man who 
wished to learn. ‘Seek neither wealth nor fame but truth alone,” he 
said, and this message of his father’s supplied the actuating desire of 
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Galen’s life. Strange, was it not, that a man with this ambition should be 
the founder of a dogmatic cult? 

In his mother the young scientist was not so fortunate for she was of a 
fiery temperament and outdid Socrates’ Xanthippe if we may believe his 
words. One can well imagine the angry scenes which so often disturbed 
the accord of father and son, the silly quarrels in which they must per- 
force have taken part and which left them out of breath and humiliated to 
think how poorly they had followed their ideals. 

The young man studied long in his native town and then traveled far 
and wide wherever he might hope to increase his knowledge. Time and 
study brought success. He found favor with the emperors and was at 
one time appointed Doctor of the Imperial Gladiators, a position of con- 
siderable importance. Later he became the private physician of Marcus 
Aurelius, the emperor and philosopher. Of course these honors did not 
come without hardships. The methods of Galen, too, were new and revo- 
lutionary in that distant day and often they gained the scorn and hatred 
of the doctors of his time. His success only made their hatred the more 
implacable and once we are told they caused him to be persecuted and 
driven from Pergamum in exile. 

Galen’s success, like the success of Paracelsus, was due to his constant 
rule of experiment. He wrote nothing unless he knew that it had been 
tried and proved. He studied his drugs at first hand and never prescribed 
remedies that he was not personally acquainted with. Today his medicine 
is obsolete but in his day it marked a great step forward in human knowl- 
edge. 

Galen accepted in general the medical theories of his day but he per- 
fected them, studied their anomalies, and applied them as had no other 
doctor. These theories were based on the ideas of the Greek philosophers 
concerning the constitution of matter. There were four elemental qualities, 
hot, cold, wet, anddry. These qualities the healthy man possessed in the 
right proportion. The sick man did not and the treatment of his disease 
depended on which quality appeared deficient, or in excess. A cold drug 
was given for a hot disease (e. g., fever), a hot drug for a cold disease. By 
mixing hot and cold drugs you could obtain a medicine of any desired qual- 
ity. Galen, however, states over and over againt hat practice is better 
than theory and actual experience teaches what drugs to use. He was 
a shrewd observer, this doctor, and often an acute psychologist. He dis- 
covered for example that one of his woman patients was in love, not 
sick, because her pulse increased when some one spoke the name of Pylades, 
the dancer whom she loved. 

Of course it must be remembered that the people of Galen’s time ac- 
cepted many things as facts which today would seem absurd and Galen 
was not wholly exempt from the belief of his time. Some of his cures 
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would seem to us of 
today to be the wildest 
superstitions. “Pain 
in the intestines will 
vanish if the patient 
drinks water in which 
the feet are washed,”’ 
is an example quite 
typical of this sort of 
thing. In those days 
the efficacy of a medi- 
cine was often judged 
as being directly pro- 
portional to its nasti- 
ness. 

The Romans of Ga- 
len’s era believed in 
a mechanistic godless 
universe while the 
Christians and Jews 
followed the other ex- 
treme. The great 
physician had little 
feeling for either party. 
To him the human 
body showed forth 
clearly and certainly 
the work of a great 
mind. He believed 
firmly in the reality 
of God. He could not PARACELSUS WITH A BooN COMPANION 
however believe that Painted by an unknown artist, about half a century 
God ever worked after Paracelsus’ death, when the struggle between 
through miracles. a and adherents of Paracelsus was at its height. 

e intention to stigmatize Paracelsus as a charlatan is * 
There were natural plain. Original in the Imperial Gallery at Vienna. 
laws and through 
these alone the God of Galen worked. He laughed to scorn the bigoted 
notions of Christian and Jew, classing them together as similar schools of 
irrational unreason. As in his science, in his religion also he was inde- 
pendent and followed his own ideals alone. 

Now that we have seen Galen himself we must admit with something 
of surprise that the teachings of this man were a far cry from the dogma 
of the Galenic cult. The cult of Galen existed because humanity loathes 
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the vague uncertainty of an open question. Galen had built up certain 
theories and accepted others. These theories were brave guesses based on 
fact as to what the truth might be and he had used them as tools in the 
search for truth, aware always of their imperfection. The average mind, 
however is not the mind of the scientist. To it, there is only black and 
white, truth and falsehood, right and wrong. If Galen was right, then 
his theories were right. The syllogism was perfect. The open questions 
closed by Galen need never be opened again. Here, as in the church, doubt 
was heresy. The middle ages had preserved the body of Galen but the 
spirit had fled. 

Let us now return to Paracelsus and see for ourselves the outcome of 
his defiant struggle against an established creed. The opposition 
was not long in finding issues upon which they could attack in safety. 
The lectures of Paracelsus were not in Latin but in German. Never be- 
fore had a professor of the University given his lectures in a colloquial 
tongue. They claimed that he was an ignoramus who had been unable 
to learn the language of scholars. They questioned his title of doctor. 
When one of his patients chanced to die, the news was spread broadcast 
throughout the town. They probably denounced him in words quite 
similar to those used by Sir Hugh Evans when he speaks of Dr. Caius in, 
“The Merry Wives of Windsor,” ‘“‘He has no more knowledge in Hip- 
pocrates and Galen—and he is a knave besides.’’ Their method was as 
old as history and as young as today. How often does the violation of 
some trivial convention or an accident common to all men serve as an 
issue to attack the man who has dared to speak the truth. In this manner 
the orthodox spread their gospel and the force of the opposition gained 
ground until at last a happening, slight in itself, gave them their desire. 

-A canon of the Liechtenfels was attacked with a violent case of acute 
indigestion and in his anguish promised a reward of a hundred French 
crowns to the physician who would work his cure. Naturally the great 
physician undertook this seemingly difficult case. The cure was easily 
effected with opium—too easily—for the canon seeing how little had been 
required, refused to pay. Upon this Paracelsus cited the prelate before a 
court of justice where we are told the man stated with a jest that Paracelsus 
had given him nothing but three mice turds. The judge who did not con- 
sider the learning of the physician so much as the labor and cost of the 
materials, decreed Paracelsus but a trifling gratification. Upon this Para- 
celsus could not be silent. In full court he spoke out against this vile 
perversion of justice and belabored judge, canon, and jurist with all the 
oaths that he could muster. Even in his lighter moments this man was 
vigorous; imagine him now when he was really in a rage. 

It needed no opposing party to show that Paracelsus was guilty of 
sacrilege and treason. He had too whole-heartedly condemned himself. 
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He knew well how completely he had played into their hands. Hurrying 
home from the court room, he got together what baggage he had and 
fled the town. 

Thus Paracelsus fled from Basel and the creed of Galen triumphed. So 
Galen had once fled from Pergamum, outlawed by the dead dogma of the 
ancient doctors. Thus do the living truths for which men die become a 
senseless creed, an established religion from which the soul has fled. Galen 
himself, in the name of his own books, would have been exiled in the days 
of Paracelsus. Paracelsus too would some day be forgotten in the trium- 
phant creed of the Paracelsists. The apotheosis of the scientist is the death 
of science and progress must ever play the iconoclast if the world is to go 
on. It was not Galen that Paracelsus had really attacked but the impious 
mockery of Galen that the fond foolishness of the multitude had set up. 
When will mankind cease to make a mockery of truth by making gods of 
these men, upholding in their name the abuses which they fought? 

In the years that followed, Paracelsus once more took up the vagabond 
existence of his student days. He journeyed from town to town, preaching 
his revolutionary doctrines, working cures, and, most important of all, 
writing his books which he hoped some day would win a sympathetic 
audience. Oporinus, professor of Greek at the University, followed him 
in his exile and served as his secretary, hoping that he would learn those 
mighty secrets which had worked so many happy cures. Finally, however, 
Oporinus gave up the quest and joining hands with the enemy wrote scanda- 
lous things of him in later years. Perhaps Paracelsus suspected him and 
drove him forth; we do not know. 

From many towns where Paracelsus stopped, he was driven in exile by 
the Galenic doctors. In most places, the publication of his books was 
denied, sometimes even on the eve of printing. Still the books were writ- 
ten; he would not let his message die. He wrote ceaselessly, scarcely tak- 
ing the time to sleep, and then only when worn out with labor the pen 
dropped from his hand. 

In general this was the doctrine of Paracelsus. Man is a chemical com- 
pound made up of varying proportions of the several elements. Disease 
is caused by some unfortunate alteration in the proportion of these 
elements and must be cured by chemical means. The elements were the 
“mercury,” “‘sulfur,’’ and “‘salt’”’ of the alchemists but he defined them 
more emphatically and more clearly than his predecessors. ‘‘Mercury’’ was 
the volatile spirit, the principle of metals, ‘‘sulfur’’ was the combustible, 
and “‘salt’”’ was that which could withstand the fire. 

Besides his theories, the practical contributions that Paracelsus made 
to the art of medicine are of considerable importance. Here he is to 
be remembered for his use of mercury in the cure of venereal diseases and 
his ability to use opium successfully in relieving pain. The doctors 
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of his day knew little of mercury and were afraid of opium, which they 
regarded as cold in the fourth degree. His statement of the fact that 
wounds if kept clean will cure themselves is especially noteworthy in an 
age of filthy poultices. As a chemist Paracelsus was probably the first to 
describe zinc, bismuth, and antimony, and to distinguish the compounds 
of nickel and cobalt. 

In his religion Paracelsus was a Christian but here as in his science he 
was independent and followed alone his own ideals. He lived in the age 
of the Protestant Reformation but he sided with neither Luther, nor 
Zwingli, nor the Pope. Scathingly he calls them three pairs of breeches 
of one cloth. He was born a Catholic and a Catholic he died but never was 
he blind to what he denounced as abuses of the church. In manuscripts 
that were left unpublished, he sets forth clearly his religious belief. It is 
interesting to compare his views with those of Galen. In many ways these 
two great scientists were much alike. 

At last after fourteen years of strenuous labor the great works were 
written and the tired wanderer found rest in death. In the forty-seventh 
year of his life he stopped at his last inn at the sign of the White Horse 
in the town of Salzburg. There he died as he had lived, alone, on a bench 
in the chimney corner. 

Then, hardly was he cold in the grave when the Paracelsists appeared 
as a new and powerful party in the world of science. Some of these men 
perhaps really understood Paracelsus but the majority saw in his doctrines 
only a coming creed which they might ride to power. Books were forged 
in his name and under the facile hands of the Paracelsists, a legend of 
Paracelsus slowly grew. A story sprang up that he was not even dead 
since he possessed the elixir of life but that he had retired to some hidden 
cavern, tired of the vain folly of an undeserving world. It was said that 
he had brought about the transmutation and had turned the base metals to 
gold. The very facts of his life were twisted and the legendary figure of 
the German Hermes slowly engulfed the man. 

While the Paracelsists were thus busily constructing a new Paracelsus 
and perfecting a creed, the opposing party was not idle. They too were 
creating the fabric of history. In general, they attacked not by confuting 
the theories of Paracelsus but by declaring that the man had been a tramp, 
a drunkard, and a heretic, and accordingly was not worthy of serious 
consideration. A man who could live like that must certainly be wrong 
in his theories of medicine. This invulnerable logic was not without effect. 
Two legends of Paracelsus thus grew up, one made him a saint, the other 
made him a sinner, and both obscured the truth. They obscured the truth 
so well that even after all these years, it is still almost impossible to re- 
construct the true story of this great man. 

We must not close without mentioning the motto of Paracelsus: “He 
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ho is not able to be his own will be another’s.” In it we read again the 
stormy vicissitudes of his turbulent existence. 
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Cassina, a Beverage. From the various corners of the world have come a variety of 
soft drinks, such as tea, coffee, cocoa, and maté. Many that have become popular 
have depended upon caffeine (or its chemical cousin theobromine) to furnish the ‘“‘kick.”’ 
Some of the widely advertised trade-marked refreshing drinks also depend upon caffeine 
for their continued sale. Near beers were being provided with real cheer through the 
use of this same alkaloid until one state, at least, has forbidden its use in malt beverages. 
Caffeine is a real stimulant and refreshant, and is now used and enjoyed in some form 
by a large portion of the world’s population. 

A type of holly or ‘Christmas berry’”’ tree, called ‘“‘Cassina,’’ which grows along 
the seacoast of the United States from Virginia to Texas, is rich in caffeine and properly 
prepared makes a splendid drink. It has been used locally for centuries, its use being 
copied from the Indians. During the Civil War, Cassina supplanted both tea and 
coffee for several million people. The beverage is prepared from the dried leaves, as is 
tea, but is brewed more like coffee, by boiling for two minutes, or by percolating for 
five minutes. 

The United States Department of Agriculture investigated the merits of Cassina 
as a drink and also its cultivation, through Mr. George F. Mitchell, an investigator who 
has had many years of experience in the raising and testing of tea. The conclusions 
reached by the department were that it is entirely practicable to raise the bush on a 
commercial scale, and to pick and handle the crop of leaves by machinery. 

The leaves are stripped from the harvested branches by means of live steam. These 
leaves can be made directly into green ‘‘tea,”’ or by inoculating them with a small quan- 
tity of fresh leaves, it is possible to produce a fermented product corresponding to black 
tea. 

Black Cassina (and also black maté, properly prepared) as a beverage has a much 
richer body than Chinese black tea, which it resembles more closely than it does Ceylon 
or India black teas. Some advantages of Cassina are its low tannin content and the 
lasting quality of flavoring sirups made up with it. It is said to make very fine flavor- 
ing sirup and bottled drinks, which are generally liked even on first acquaintance. 

Although it will require considerable capital to grow and manufacture this product, 

nd investors will undoubtedly have to wait several years for returns, the market for 
veverages of this type offers an interesting prospect.—Ind. Bull. of Arthur D. Little, Inc. 





AN INDUSTRIAL CHEMISTRY TEXT OF 1830. A REVIEW 


CHARLES W. STILLWELL, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


“The Chemistry of the Arts,” by Arthur L. Porter was published in Phila 
delphia in 1830 and was adapted from Gray’s ‘‘Operative Chemist,” publishe 
in England in 1828. In the accompanying review many interesting facts ar 
pointed out concerning the industrial chemical practices and the theories o° 


chemistry in vogue one hundred years ago. 


One is impressed with the re 


markable progress of chemistry during the past century, notably in chemica! 
theory and in the variety of industrial chemical activities. 


Doubtless many readers of that genial and fascinating discourse o1 
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TREATISES ON CALICO PRINTING, BLEACHING, 
AND OTHER LARGE ADDITIONS. 


BY ARTHOR L. PORTER, 
LATE PROFESSOR OF CUBMISTAY IN TUE UNIVERSITY OF VERMONT 


VOL. I. 


Philadelphia: 
CAREY & LEA. 
1sity 


“Old Chemistries” (1) by 
the late Edgar Fahs 
Smith have experienced 
a desire to possess some 
of the old books described 
therein and trace for 
themselves the develop- 
ment of chemistry. 

The writer has at hand 
a book, the title page of 
which is herewith repro- 
duced. It is a work in 
two volumes, but only 
the first volume has been 
acquired. Gray’s ‘‘Oper- 
ative Chemist” was first 
published in England in 
1828 to fill a long-felt 
“want of a book pecu- 
liarly devoted to the prac- 
tice of the chemical arts.” 
It is not known how 
popular this book be- 
came. Benjamin Silli- 
man acknowledges it as a 
source for material pre- 
sented in his “Elements 
of Chemistry’ of 1830 
(2). Gray, according to 
the American author, 
was ‘‘one of the ablest 
operative chemists of 
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xreat Britain who was practically conversant with most of the subjects 
reated.”’ The general catalog of the University of Vermont bears the 
ollowing note* concerning the American author of this treatise: 


Arthur Livermore Porter, M.D., Dartmouth, 1818. Professor of Chemistry and 
*~harmacy, 1821-1825. Died, 1845. 


le was apparently a professor in the College of Medicine, which was prac- 
ically a separate institution in those days. 

In many ways, the preface to an old book is most interesting, for one 
‘an learn much of the author of the book and his beliefs. We find at once 
that Gray was not thoroughly convinced of the value of the nomenclature 
of. Lavoisier, even forty-three years after the Frenchman’s original memoir. 
He felt that it was used ambiguously by many authors. 

To give a striking example, iron has been said to dissolve rapidly in sulfuric acid; 
which is true if spirit of vitriol is used, but if oil of vitriol is used it is necessary to boil 
the acid upon the metal. 


The author shows throughout hesitancy to take over new ideas because, 
as he says, 
It is very doubtful whether the advantages of what may possibly be a more perfect 


nomenclature is not surpassed by the disadvantage of perplexing the memory of in- 
different and uninformed persons with changes, 


—a familiar and ever present barrier to progress. A more logical argu- 
ment immediately follows. Using the new nomenclature may cause em- 
barrassment in connection with patent claims, for the Court of the King’s 
Bench had ruled that if a patent were not described in the popular names 
the Letters Patent were void. 

Gray makes a plea for research which may well be repeated today: 


There is no better mode of gaining general chemical information than that of 
attempting original investigations. In pursuing his experiments he will continually 
be obliged to learn the properties of the substances he is employing or acting upon. 


In view of the subject matter of the treatise, one notes with some amuse- 
ment that “the entire practical matter of the ‘Operative Chemist’ has been 
preserved” in the American edition. The articles on electricity and galva- 
nism have been omitted as “‘having not even the shadow of a claim toa place 
in a practical work on the arts.’ Would that Professor Porter could visit 
a few of our modern electrochemical plants! 

Scanning the table of contents one may obtain a pretty good idea of the 
scope of industrial chemistry a century ago. The author considers that 
heat, ‘‘whether it be a peculiar species of matter or a peculiar kind of motion 
excited among the particles” is of the greatest importance to the operative 

* This information was kindly furnished by G. H. Burrows, head of the department 
of chemistry at the University of Vermont. 
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chemist; and he discusses, in minute detail, fuels and furnaces for the spac« 
of one hundred pages. Being carried away with the subject, he continue: 
for another fifty pages with the description of all manner of heating devices 
for domestic use—the design of fireplace chimneys, Franklin stoves, anc 
the like. The apparatus in use at the time for the various operations, such 
as filtering, grinding, and distilling are described. There follows a long 
section on the manufacture of heavy chemicals, completing the first vol 
ume. The second volume covers a wide range of topics—glasses, enamels, 
pottery, metallurgy, naval stores, paints and varnish, soap, calico printing, 
baking, and brewing. 

There is fascinating reading on every page to emphasize the changes of 
the past century. Ina chapter on the theory of chemistry the author sets 
forth those fundamental concepts which he feels are necessary to the 
practical chemist. 

We find here a brief discussion of the law of definite proportions. The 
nature of chemical combination had not yet been clearly defined. 


Some substances unite in any proportions, as water and spirit of wine, others only 
in one proportion, called the point of saturation, as water and common salt: while a 
third class unite in several determinate proportions of one ingredient which form a 
simple progression ... the other ingredient being taken as unity. 


This last, of course, is the Law of Multiple Proportions much as we state 
it today. There follows a résumé of the evidence favoring the idea that 
elements unite in simple and definite proportions, foremost of which is the 
union of gases in simple proportions. The nature of gases was still somewhat 
in doubt; and Dr. Henry asks, 

“Do equal volumes of nitrogen gas and oxygen gas contain, as Dalton supposes, 
equal numbers of atoms or, as is more probable, do the same number of atoms exist in 
one volume of nitrogen as in two volumes of oxygen gas?” 


The supposition attributed to Dalton sounds more like Avogadro’s Law; 
and one wonders what evidence Dr. Henry used to defend his second state- 


ment. 
The discussion of proportional numbers should be read by every begin- 


ning student in chemistry who dislikes to learn to use atomic and molecular 
weights in calculations. We read that there were three systems in use for 
calculating combining proportions. According to that of Thénard the 
single “‘charge’”’ of oxygen is considered as 10,000 and from thence all pro- 
portional weights of other bodies may be computed. Thus: 


17,705 of Azote (Az) combined 
with 10,000 oxygen forms 27,705 protoxide of Azote Az. 
20,000 37,705 deutoxide of Azote Az. . 
30,000 47,705 hyponitrous acid Az:. 
40,000 57,705 nitrous acid Az: 
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nd so on for all the elements through eight closely printed pages. The 
i lea of chemical equivalence was not set forth as itis now. For the benefit 
.f the practical chemist examples are given explaining the use of these pro- 
;ortional numbers. A consideration of a single example makes one grate- 
‘ul who studies chemistry in 1930 instead of 1830. 


Q. How much oil of vitriol is required to expel all the nitric acid from one pound 
saltpetre? 
A. Saltpetre is composed of 67,705 nitric acid and 58,990 of potasse, consequently 
5 number is 126,695; now 58,990 of potasse, as it contains 10,000 of oxygen, is neu- 
ralized by 50,000 of dry sulphuric acid, or 61,243 of the hydrated acid, called oil of 
itriol; therefore, 127 parts of saltpetre will require 62 of oil of vitriol, and consequently, 
pound will require very nearly half a pound of the oil of vitriol.* 


However, it is noted that Dr. Wollaston had invented a chemical slide-rule 
io eliminate calculations. Even so, the chemical formulas and symbols of 
those days look strange and unintelligible today. When we must inter- 
pret K”T-4 + 2(H2O) as referring to cream of tartar, for example, we 
feel that in the matter of formulas little progress had been made. 

It is interesting to compare this theoretical chemistry, which was ap- 
parently believed to be the latest available, with that set forth in Dr. 
Comstock’s ‘‘Textbook of Chemistry,’’ published in 1831 (3). Comstock 
stands with Porter in regard to chemical combination, although he does 
remark that the results of ‘‘slight combination” (as water in spirit of wine) 
are sometimes called chemical mixtures to distinguish them from compounds 
formed as a result of energetic affinities and which come within the law of 
definite proportions. Nevertheless, he feels that a distinction should not 
be made on that basis. It is quite evident, on the other hand, that Pro- 
fessor Porter was unaware of simplifications which had already been made 
in quantitative calculations, very possibly because new books did not 
circulate as speedily then as they do now. We find Comstock using the 
new nomenclature in many instances and speaking of chemical equivalents 
and atomic weights, although in many cases they were multiples of the 
values we now use. These weights were taken from Dr. Turner’s book, 
which should have been available to Porter. Dr. Comstock also pays 
tribute to Dr. Wollaston’s slide-rule which, ‘“‘it is said, has contributed more 
to the study of chemistry than any other invention of man.’’ It is inter- 
esting that Comstock makes no attempt to write any chemical formulas. 
Was he not as progressive as Porter in this respect or was he awaiting a new 
system of writing them, having put aside the Berzelius formulas as inade- 
quate? 

* It is evident that the idea of chemical equivalence was used, but it had not been 
is well organized as it is today. This may be suggestive for teachers of beginning 
chemistry. If a little more time were spent toward a thorough understanding of 
combining proportions, equivalent weights would follow as a matter of course and not 
prove the stumbling blocks which they often do. 
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Turning to the description of the chemical arts one finds that the leac 
chamber process for sulfuric acid was well developed and that chamber: 
fifteen by twenty by one hundred feet were in use. Saltpeter was used t« 
furnish the oxides of nitrogen and the current theory of their catalytic ac 
tion was not so far from the one we now hold. An attempt to use pyrite: 
rather than sulfur had been unsuccessful. The French introduced th 
oxides of nitrogen by means of a second retort containing nitric acid anc 
molasses, the residue being oxalic acid, a by-product. Although Gray 
believes this method superior to the English method, Porter thinks it has 
been little used. At that time the main uses of sulfuric acid were for dye 
ing, bleaching, the preparation of muriatic and other acids, causticizing 
wounds—and as a tonic! 


Muriatic acid is now called hydrochloric acid by the theoretical chemists. 


It was made essentially as it is today, by heating salt and sulfuric acid in 
glass retorts connected to a suitable receiver. Of course, there have been 
improvements in apparatus since then. 

Nitric acid is called ‘‘aqua fortis’ if made by distilling saltpeter with 
copperas; it is ‘‘spirit of niter’’ if the saltpeter is distilled with clay; if pre- 
pared from oil of vitriol and saltpeter it is ‘‘Glauber’s spirit of niter’’ or 
“nitrous acid,’ and if this is rendered colorless by boiling, ‘‘nitric acid”’ 
isobtained. One learns with interest that in France, where spirit of niter is 
made by distilling saltpeter in special clay retorts, the residuum, when 
ground to a powder, “‘is used extensively in the alleys of artificial gardens to 
vary the colors of the paths.”’ 


Oxymuriatic acid is the dephlogisticated marine acid of its discoverer, Scheele, 
the oxygenated muriatic acid of the old French nomenclature, and the chloric acid of 
the new French nomenclature. 


Here one may read between the lines the rise and fall of the phlogiston 
theory. Actually, the substance referred to is chlorine, since its chief use 
is in bleaching, and Scheele prepared it by oxidizing muriatic acid. 
Carbonic acid gas was advocated over a hundred years ago as a pre- 
servative, and it was proposed to introduce it into bottles containing fruit. 
This would make good advertising material for the manufacturers of dry 
ice today. Furthermore, if one were fortunate enough to live near a brew- 
ery, one could prepare a mild form of soda water by setting a pan of water 
on top of the fermenting tanks where it could absorb carbon dioxide. 
There was considerable doubt as to the nature of fluoric acid, which 
was then, as now, made by treating fluorspar with oil of vitriol. Accord- 
ing to Berzelius it was a compound of a hypothetical principle, fluoricum, 
with two charges of oxygen, or F"*. Sir Humphry Davy believed it was a 
hydro-acid composed of one atom of a hypothetical principle called fluor- 
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ine, and one atom of hydrogen. Dr. Ure would have it a principle or ele- 
ent. These discrepancies may be accounted for, says Professor Porter, 
cause ‘‘fluoric acid is such a disagreeable subject to meddle with that 
iemists are not fond of making experiments upon it.” 


Ammonia has escaped very well the mania for changing names. 


) this instance and many others, we may picture Professor Porter and Mr. 

ray standing firm champions of the old order. Does Porter’s comment 

1 ammonia imply that he himself was beginning to give up hope of holding 

it against the new? 

Almost every page throws interesting light on the status of the chemical 
arts and theories of the age. Taking the book as a whole one is impressed 
vith the remarkable progress which chemistry has made this past century, 
1oticeably in chemical theory and in the vast increase in the variety of 
industrial chemical activities. Many of the processes in use today, how- 
ever, are essentially the same as they were in 1830 and one is moved to ad- 
mire the skill of those pioneers in industrial chemistry who accomplished 
so much with the limited resources available. 
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What Is a Teacher? It is impossible to compute the total number of teachers or 
schools in the United States, because of the lack of agreement among statisticians as to 
just what is a teacher, Dr. Frank M. Phillips, chief of the statistical division, U. S. 
Employees’ Compensation Commission, and formerly of the Office of Education, told 
the American Statistical Association meeting recently in Cleveland. 

A teacher is a teacher, of course, but how about the principal? In ten states he is 
also a teacher, according to definition; in one state he is a teacher only if he teaches half 
the time; another state specifies that he must teach some of the time. And then again 
how about the superintendent—the librarian—the nurse? There is not much agree- 
ment about these. In four states the clerical force is included in the count of teachers, 
and in one, even the janitors. 

There is even greater confusion over the definition of a school. 

“A sub-district with two eight-room school buildings would in some localities be 
called one school,’’ Dr. Phillips said; ‘‘in other localities two schools, and in still others, 
sixteen schools.” 

Here is the reason: ‘‘In nine states the school is defined as a classroom, including 
: teacher and her pupils. Two states describe the school as a unit for instruction pur- 

oses; five, as a group of grades... Ten states refer to the school as a building, and six 
thers as an organization under a single principal. Five states describe the school as a 
listrict or a sub-district.’’—Science Service 





SOME INSTRUCTIONAL DEVICES IN ELEMENTARY CHEMISTRY 


Horace G. DEMING, UNIVERSITY OF NEBRASKA, LINCOLN, NEBRASKA 


Chemical instruction for students not specializing in chemistry may b: 
made to serve as practice material for the cultivation of certain mental trait 
and habits of thought, which are possessed by well-educated minds withou! 
regard to the fields in which they have specialized. A course in chemistr 
may be organized in such a way as to rate students according to their progres 
toward such intellectual ideals, jointly with their command of chemical facts 
The purposes served by lectures in chemistry are discussed, and suggestion: 
are made for the improvement of laboratory work by the plan of ‘‘model experi 
ments’ and classroom work by the plan of ‘multiple recitations.” 


Most of us would admit that good teachers are born, not made. Yet 
plastic surgery and synthetic chemistry alike bear witness that it is some- 
times possible to improve on Nature’s product. Nor is the problem 
so complicated as some would have us believe. It is simply one of helping 
the teacher to discover how best to release capacities and energies possessed 
by his students, of which they themselves are unconscious, and which the 
indifferent teacher never discovers. 

In a nutshell: A good teacher gets students to work and a poor one lets them 
loaf. That is about all there is to it. If a teacher is alert to all that 
that dictum implies, resourceful in inventing new methods, and quick 
to learn from his mistakes, he will presently be a good teacher of any 
subject in which he has enthusiasm and adequate preparation. Courses 
in pedagogical methods and educational psychology, quickly disposed of, 
may serve to inform him of what has been done by others in discovering 
methods for releasing human energies. Yet any protracted attention 
to methods can only be given at the expense of training in subject matter: 
and so it has come about that college graduates who have most conspic- 
uously failed to secure a well-rounded education are often those who have 
“specialized in education.”’ 

The most effective teacher, then, is one who profits to a reasonable degree 
by the experience of others, and who is constantly inventing and testing 
new ways of getting his students to make the most of their abilities and 
opportunities. He needs to serve as psychical catalyzer. His function is 
not to increase mental motive force—that is determined by the student's 
ancestry and daily intake of calories and vitamins—but to decrease psy- 
chological resistance. This makes first demand on originality. 

Actually, teachers as a class, perhaps especially teachers of chemistry, 
are staunch conservatives. So are the students themselves. The sup- 
posed progressiveness of youth is merely clamorousness. It is just as 
difficult to obtain constructive suggestions from the average freshman as 
from the average member of your teaching faculty. The truth seems to 

902 
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be that youth is conservative because it lacks horizon and maturity 
because it has fallen into a rut. 


Ends and Aims 


It is especially hard to find teachers who take a liberal view of the part 
that instruction in their specialty may play in the attainment of a well- 
rounded general education. There are many teachers of chemistry who 
have presented the same sequence of topics to class after class for many 
years, who have never yet viewed their subject from a different point of 
approach than that made familiar in their own college days, who deliver 
lectures that are constantly revised to include new chemical facts, yet 
never reveal a new state of consciousness with regard to the job as a whole. 

“Describe the operation of the chamber process.” ‘‘Give the names 
and formulas of five oxides of nitrogen.’’ These are typical examination 
questions. Why any one not preparing to be a chemist should be interested 
in knowing, or why any prospective chemist should be given a course over- 
burdened with details of this sort, to the neglect of general principles, 
is one of Nature’s mysteries. The question, ‘“How is cadmium sulfide 
different from arsenic sulfide?” once drew the answer ‘‘T’ll bite, how is it?” — 
perhaps the best answer that could be given to a question of this type. 

What then are the ends of chemical instruction for those not specializ- 
ing in chemistry? Informational, of course, to a large degree. It may 
prove practically useful to any one to know that there is no reasonable 
hope of recharging the storage battery of an automobile by dosing it with 
chemicals; and that water may be softened for household use by filtering 
it through a canister filled with Permutit. There is some sense, too, in 
requiring that our future physicians or engineers shall know something 
about the chemical make-up of the human body or portland cement. 

Yet the more important part of the task of teachers of chemistry is 
in making chemistry further the development of the traits of character 
and mind that mark the well-educated person. The moral and esthetic 
components of these traits are included in the nebulous entity that is 
commonly called culture, which is left to others to define and examine. 
There remain certain well-marked mental traits—habits of thought, if 
you please—which are implied by the term well-educated: 


1. Skill in the art of acquiring information from books, spoken lec- 
tures, and observations of phenomena. This implies experience in the 
use of a library. 

2. Ability to separate the essential from the non-essential. 

3. Ability, at least in a limited field of mental effort, to know truth from 
error. This implies some acquaintance with the rules of logic and some 
power of discrimination between sources of information. 
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4, Experience in selecting logical sequences of thought from com- 
plicated thought-patterns. 

5. Ability to present sequences of thought in clear and forceful written 
or spoken English. 

6. Ability to organize and execute a program of intellectual self-develop- 
ment. 

7. The habit of being accurate. 

If the development of these mental traits is the important thing, if 
habits of thought are more vital than accumulated facts, the teacher of 
chemistry should treat his subject as mere practice material for the develop- 
ment of these traits and habits. As practice material it is no better and 
no worse than many other subjects, properly taught. Mathematics and 
literature, no less than chemistry, may stimulate the reasoning faculties 
and cultivate right habits of thought, or may be just so many hours de- 
voted to memorizing facts. But chemistry has the advantage of appeal- 
ing to the interest of all who are alert to the physical universe, in the midst 
of which we move; and produces a high yield of practically useful infor- 
mation as an important by-product. 


A Plan of Organization 


Chemistry as a study in methods of thinking calls for a different ap- 
proach from that suited to chemistry as a collection of facts and recipes. 
The teacher needs first to become conscious of the mental traits and habits 
of thought that education should produce. Books are constantly being 
issued that can aid in clarifying his ideas concerning the main purposes 
of this business of going to school. He should devote one or more lecture 
periods at the beginning of the course to a discussion of such intellectual 
ends and aims. During his presentation of chemical facts, he will often 
need to raise the thought that these facts are raw material to be used in 
developing some mental characteristics that are worth repeated statement. 

Once committed to the idea that chemical facts are merely raw mate- 
rials for thought, many teachers will be tempted to make a score card, and 
rate students by their approach to specified intellectual ideals. The 
problem is too complex to be thus treated. Intellectuality is not to be 
measured in kilograms, nor mental attainments in square meters. Yet 
it does seem feasible roughly to classify students according to their approxi- 
mation to intellectual standards held constantly before them. A very 
different spirit pervades a classroom in which each member feels that mis- 
spelled words, slips in English, misplaced decimal points, careless manipula- 
tion, and slipshod notes will give him a low rating quite as surely as lack 
of command of chemical facts. 

In practice, some compromise seems needed between a system of rating 
students based on approach to intellectual ideals and one based on knowl- 
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edge of subject-matter. At Nebraska we rarely treat the problem twice 
in the same way. The plan now in use with a class of about 240 freshmen 
illots a maximum of 60 nvints to classroom and laboratory work, viewed 
is practice in methods of thought; 30 points to scheduled written examina- 
tions, viewed as a measure ef command of chemical facts; and 10 points 
to written work, handed in during the semester, and viewed as a measure 
ff industry and accuracy. The points earned by classroom work are 
determined by dividing students into four groups, at the end of each 
quarter, on the basis of approach to intellectual ideals, assigning to each 
group a specified number of points, each quarter: A, 15; B, 13; C, 11; 
D, 0-9. 

An important feature of the written tests is that they do not cover all 
the subject matter of the course. About ten tests, scheduled long in ad- 
vance, are given on important topics. A student may take all of these 
tests or none of them. He need not hand in his paper if he feels it to be 
unsatisfactory. If a paper handed in is acceptable (above about 85 per 
cent) it scores 3 points toward the final grade; if it is very poor (below 
about 65 per cent) one or more negative points may be given. Thus we 
compel students to estimate the accuracy of their own work and discourage 
the habit of bluffing or guessing. We insure, if we can, that even the poor- 
est students shall possess chemical information that is accurate concerning 
particular topics. If they cannot show that they are really masters of 
limited sections of the field they do not pass the course. A knowledge of 
chemistry that is uniformly about half or two-thirds right and the rest 
wrong is held to be of no value. 

Written exercises, problems, and reports on outside reading are treated 
in a novel manner in that no specific assignments are made. Each student 
is left to do what he will in handing in written work illustrating topics 
under discussion. He is warned that the practice afforded by earnest 
effort in this direction will be needed if he is to rate high in his recitations 
or pass many written tests. The most earnest students work nearly 
every problem in the text. The least earnest work none. Thus we con- 
form to the situation in the world at large, where men rise by their ability 
to discover tasks worth doing and impose effort on themselves. The 
student who has awakened to this truth has acquired something that may 
be more valuable to him than all the chemistry we can teach him. 


Lectures 


Lectures are an inheritance from the days when there were no textbooks. 
They may be instructive, inspiring, entertaining, confusing, or just a 
deadly bore. It seems reasonable that they should not be so presented 
as to interfere with the development of skill in acquiring information 
from the printed page. What possible excuse exists for lectures that 
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cover nearly the same ground as existing texts, in nearly the same way? 
Why enumerate the oxy acids of chlorine or the allotropic forms of sulfur? 
If such details seem important the instructor should select a text that 
includes them and should see that it is studied. 

Lectures seem worth giving only when they can be made to serve some 
of the following ends: 

1. To present an original approach to topics not purely descriptive. 

2. To give tabular or diagrammatic blackboard surveys of items that 
the textbooks present consecutively. 

3. To assist in giving emphasis to important topics. 

4. To supply general principles with illustrations not given in the 
text. 

5. To enliven the course and lend interest by the stimulus of contact 
with one who is master of the subject matter. 

6. To instruct those who seem to be “ear-minded.”’ They are often 
persons who have not learned to concentrate effectively except under the 
stimulus of some other mind. To lecture in such detail as to make study 
of the text unnecessary is to deprive them of discipline that they need. 

7. To illustrate properties or display substances that the student does 
not meet in the course of his own laboratory experience. 

8. To illustrate points of technic and improve skill in observation. 

The lecturer who makes every detail of his lectures contribute to some 
definite purpose, in such a list of objectives, will do much to improve his 
teaching. Sometimes informal quizzing or supervised study may be in- 
cluded in the lecture, even with an audience of several hundred. Each 
student is expected to bring his text to the class. Five minutes are de- 
voted to studying a given topic as presented in the text. One or two oral 
questions follow, individuals being called on for answers. A lecture ex- 
periment or a discussion is then given, which presents further illustrations 
of the same topic. 

The lecture experiments should not be so numerous as to preclude oppor- 
tunity for discussion. There is a happy medium between an arid discourse, 
read from notes, and a three-ring circus. Three or four experiments, 
performed with care and thoroughly discussed, are about all that can be 
presented in a single hour. It is helpful for the lecturer suddenly to 
become the victim of amnesia. What must I do next? Shall we open this 
stopcock first, or close the other? Is there any danger if we add this acid 
all at once. Would phosphoric acid serve just as well as sulfuric acid? 
Now what has this experiment proved? Is this gas lighter or heavier than 
air, and how do we know? ‘There is a chance for plenty of discussion while 
the contents of a retort are warming up or a gas is being collected. 

Lectures may be made the vehicle for training in accurate observation 
of experimental details. Instructors too often say, “Write an equation 
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for the preparation of chlorine from HCl’; and too rarely, “Give a careful 
sketch, showing how chlorine is prepared in the laboratory, with names 
ind relative quantities of the reagents used, and tell exactly what is done 
at each step.” 

Laboratory Work 


A father once wrote that his son should not have failed in chemistry, since 
‘he did good in his labitory.”” Just what good he did was not specified. 
It had never occurred to him that laboratory work, like practice on the 
football field, is intended to develop the skill to win. If the game is lost 
little credit goes to members of the team for having turned out to practice. 
We avoid difficulties and misunderstandings of this sort the moment we 
cease to rate laboratory work separately from classroom work, and regard 
both as merely affording opportunity for the display of mental traits and 
habits that are either desirable or undesirable. 

Some laboratory courses make.a point of beginning with familar ma- 
terials, such as water, food, and air. Yet such materials are fre- 
quently mixtures which are too complex for examination at the very 
beginning of a course in chemistry. The student, moreoever, is not 
really familiar with them. He merely has seen them. And who can say, 
in the age of the automobile and radio, that water, food, and air are any 
more familiar than aluminum, chromium, bakelite varnish, and sulfuric 
acid? It might be simpler and more direct to attempt to make the student 
acquainted with a few important elements and compounds at the very 
beginning of his course, without caring how ‘‘familiar’’ they happen to be 
to careless observers. We are also frequently cautioned to present our 
subject from the student’s point of view, and instructors often make a 
virtue of such an attempt—as if chemical training were not to enable the 
student, as promptly as possible, to acquire a better point of view of natural 
phenomena than that presented by the haphazard, disconnected, and 
accidental observations of every-day life. 

Laboratory instruction in chemistry has made noteworthy progress 
during recent years in that students are now rarely asked to make a multi- 
tude of disconnected observations in the course of an afternoon, consisting 
in the main of test-tube experiments, in which one merely has to mix, 
look, smell, and dump the product into the sink. Technic is emphasized, 
and the work of each laboratory period generally makes a unit, to illus- 
trate some important fact or principle. 

Yet too many separate substances are generally presented in elementary 
courses, and chemists too often point with pride to the more than 300,000 
existing chemical compounds. It would seem more fitting to say: ‘“The 
principles of chemistry can be well illustrated by a few dozen important 
substances. During this course you will meet with just one hundred, 


’ 
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chosen for their importance in the arts and industries and their value as 
illustrative material in connection with our study of a few great principles 
of chemistry.”” One could then concentrate on sulfuric acid, methanol, 
ammonia, hydrogen-ion, and other substances of the hundred, and hope 
to leave definite impressions concerning them at the end of the semester. 

Laboratory instruction also generally assumes that the student makes 
little improvement in skill and understanding as a result of his work. Direc- 
tions for the last experiment of a series are often just as detailed and ele- 
mentary as those for the first. Little persistent effort is made toward 
developing ability to reason chemically. 

At Nebraska we have been trying to improve in this regard by the 
“model experiment”’ method of teaching chemistry. The student, in a 
model experiment, is told just what to do, what should be observed, and 
what conclusions should be drawn. Then, in a related experiment, he is 
merely told what to do. He must make his own observations and draw 
his own conclusions. In the beginning, the model experiment and related 
experiment are closely parallel. In the model he decomposes copper 
sulfate by heat, and in the related experiment observes whether ferrous 
sulfate is decomposable in a similar way. Later, the experiments diverge. 
The student studies the reducing properties of hydrogen sulfide, then deter- 
mines what happens when sulfur dioxide acts as a reducing agent. To- 
ward the end of the course, when knowledge of individual substances and 
ability to reason chemically have been somewhat improved, the working 
directions may merely read: ‘‘Determine what is produced when lead 
dioxide is heated in a current of sulfur dioxide,” or ‘‘“See whether potassium 
bromate can be prepared by a method analogous to that used in the prep- 
aration of potassium chlorate.”” To avoid waste of time and materials 
and danger of accidents, students are required to prepare working directions 
for such experiments, and to have them approved before undertaking 
the work in the laboratory. 


Recitations 


Lack of recitation rooms and practiced teachers has led us occasionally 
to resort to what we call ‘‘double-header’”’ recitations. An instructor of 
experience is in charge, with a new recruit as assistant. The hour usually 
begins with a ten-minute written recitation in a “recitation notebook.” 
While the assistant grades this work the instructor carries on a rapid-fire 
oral quiz. Finally, a few students are sent to the blackboard. While 
they are at work there the remainder of the class works problems or writes 
formulas from dictation. The instructor and assistant meanwhile walk 
through the class, making suggestions and noting degrees of proficiency. 

A well-conducted recitation keeps every student ‘‘on his toes’ every 
moment. The system just described gets excellent results with sections 
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up to about forty students. We once conducted a class of eighty-five, and 
got a definite memorandum on the work of each student each time the 
class met. It was perhaps the most effective classroom work we have ever 
had, in spite of the large size of the class. 

With smaller classes we commonly resort to ‘‘multiple recitation.’’ The 
standard room has five blackboards, to each of which five students are 
assigned at the beginning of the semester. It is usually possible to arrange 
to have the students of each group seated close to their board. A student 
in each group is sent to the board to outline a recitation on an assigned 
topic, while the remainder of the class works problems. 

Students at the board remain there until all have finished. Then each 
recites to his own group, using his blackboard outline as a guide. The 
instructor walks about the room, lending ear, now to one recitation and 
now to another. Members of the class who have remained at their seats 
are free to interrupt or make comments. Indeed, the plan works best when 
each recitation is addressed to a specified member of the group, acting as 
quizmaster, who is expected to interpolate remarks and questions designed 
to bring out important points that would otherwise be omitted. Topics 
are usually so chosen that a student talks from his blackboard outline for 
five or ten minutes. There is no more confusion than attaches to conversa- 
tion at a bridge party, and the instructor leaves at the end of the hour with 
definite information concerning the work of every student in the class. 

We believe that much better training is afforded the student by being 
compelled to organize his thoughts in such formal discourses than would be 
supplied by any amount of perfunctory questioning on disconnected de- 
tails. Here, again, we are seeking to cultivate certain qualities of mind and 
habits of thought, and are merely using chemistry as so much practice 
material. 


A CLASS PROJECT TO ACCOMPANY THE STUDY OF GYPSUM 
AND CEMENT 


Doris A. GRIFFOUL, PARKER H1GH SCHOOL, CLARENCE, NEw YORK 


During the study of gypsum and cement, the students in my class sug- 
gested and carried out the following project. 

One of the students volunteered to act as a model for a plaster cast. 
He closed his eyes, his face was greased well with vaseline, and then daubed, 
except for his nostrils, with wet plaster of Paris. He sat quietly for ten 
or fifteen minutes, after which time the cast was removed by some of the 
students. When it was thoroughly dry, it was vaselined and filled witha 
fine-grained mixture of wet concrete. This set, and the plaster mold was 
then chipped off. The likeness, with closed eyes and immobile lips, was 
rather weird. 





SOME ASPECTS OF THE UNIT METHOD OF TEACHING 
CHEMISTRY* 


RussELL S. Howarp, Lyons TowNsHip H1IGH SCHOOL AND JUNIOR COLLEGE, 
La GRANGE, ILLINOIS 


If a universal human trait can be found and utilized to promote a desire 
for learning then the problems of education narrow down to learning how to best 
utilize this trait. If we look within ourselves for an impelling motive we find 
that we must have a reason for the tasks we pursue with enthusiasm. The 
pupil of high-school age has a natural desire to learn something and it becomes 
our duty as teachers to turn this natural tendency in the direction of our sub- 
ject by pointing out a worthwhile reason for performing the tasks we set. 

The unit method offers the means of directing pupil activity by keeping 
him oriented in the subject and supplies a worthwhile objective that is not too 
far removed from the present. 


I am sure that all of us have, at times, come to the conclusion that it 
does not make much difference how we present our subject since some seem 
to learn and others do not. Probably we shall never entirely free ourselves 
from that conviction, but hope springs eternal in the human breast and 
from year to year we do strive to find a better way of doing things. Dis- 
satisfaction with things as they are is, I believe, a blessing in disguise 


for without it life takes on a settled and drab appearance, the push is gone, 
and every day is like the one before. 

Some argue that “‘newfangled’’ methods of teaching are just so much 
waste of time and this argument is backed by the observation that young- 
sters have learned all right in the past when less “‘fuss’’ was made about 
how to teach them. Those who argue thus probably have in mind the 
group that learn in spite of how they are taught and forget about the 
ones that have always failed to measure up to a reasonable scale of ac- 
complishment. Since our educational system has taken on the task of 
mass education on such a grand scale, the proportion of more gifted pupils 
to the total has dropped materially and we are faced with the problem 
of extending the benefits of education to those who have more difficulty 
in learning and to those who have little inclination to try. If we are to 
accept the thesis that we as teachers have just as much obligation to the 
less gifted as to the brilliant student then it becomes necessary to give 
serious consideration to our methods of teaching in order to extend, in 
the best possible manner, the benefits of education to the larger group. It 
would seem to follow that if we are able to improve the methods for teach- 
ing the less gifted, we may benefit better students as well. Whatever 
view we take, it is a fact that teaching methods are now under investi- 
gation and will continue to be for a long time to come. There are too 


* Presented before the Illinois Association of Chemistry Teachers, November, 1930 
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many teachers who are dissatisfied with the results of their efforts for teach- 
ing to remain static for any length of time. It is true in other lines of 
endeavor that effort expended in investigation is not wasted, but results 
in better use of the efforts of those engaged in the undertaking. 

It is futile to attempt to build an educational structure that will be 
complete and will remain so. As long as ideas and life are in the flux we 
shall be forced to modify the curriculum and the content within each 
subject in order to meet the changing conditions, but it is not impossible 
to devise methods of teaching that are based upon something fundamental 
and will meet the needs of education under greatly changed conditions. 
That fundamental something upon which to erect our teaching methods 
should be an impelling trait common to the human mind. We have reason 
to believe that the mind of man has remained pretty much the same in 
its basic attributes for the last five thousand years, at least. Once we 
have laid hold of that impelling trait or force that is responsible for human 
action and, if properly directed, for progress as well, our task is not yet 
accomplished since we must then learn how to use this force for the pur- 
poses of education. In the manner of all evolutionary process, growth 
will be attended with waste, seeming progress will end in blind alleys. 
However, if these forces which are the cause of striving after better things 
are maintained they shall in time free us from irrelevant beliefs and give 
us a more complete understanding of those means of approach to the 
mind which we call teaching methods. 

Where shall we begin our task of laying bare for inspection and study 
the avenues of approach to this most complex result of Nature’s handiwork, 
the human mind? It seems logical that we must begin and end with the 
study of the behaviors of the individual as affected by various stimuli, 
since the mind, as far as our ability to influence it is concerned, does not 
exist as a separate entity apart from its container. The study of the be- 
haviors of the individual has certainly not been neglected. The tons of 
educational studies turned out by the press each year is witness to the 
fact that he is being studied from every conceivable angle both inside and 
out, but it is always a study of the other fellow. Why not turn the search- 
light of analysis within ourselves and it may reveal there the causes for 
the actions of others? When we find the causes for our own behaviors 
we may find the key that will unlock the doors that now often separate 
us from intellectual contact with those whom we attempt to influence 
with our teaching. 

Stop and think a moment—am I always responsive to those appeals 
for action that come to me although they may be intended for my own 
good? Do we not all need a reason for doing things before we do them 
with enthusiasm? Do we go about our daily tasks without a cause? Let 
us first clearly define in our own minds the reasons for performing the 
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tasks we propose to have our pupils do. Let us put ourselves, as best we 
can, in the places of those we attempt to teach and try to find how we 
would react under the conditions which we ourselves impose. If we do 
not do so, we shall remain content to allow the incentives for education 
to be only those set up by school administrations in the forms of grades, 
credits, and diplomas, which are but poor substitutes for more genuine 
reasons for school endeavor. 

It might seem, to us who are interested in chemistry, that this subject 
would have a natural appeal to all boys and girls, but our experience cer- 
tainly: will not bear out such a supposition. The early years of life, at 
least through the high-school age, are those in which the normal individ- 
ual is interested in learning, although the interests that engage his at- 
tention may be far removed from the content of school subjects. It is 
the age, however, when a desire for knowledge of some sort does exist and 
it is the function of the teacher to utilize this fundamental tendency and 
direct it into proper channels. ‘To those who lack their own motives for 
the study of chemistry we must attempt to supply them definite objectives 
and worthwhile reasons for their labors. We have all heard much of the 
need for developing in our students an interest in the subject we teach and 
all will agree that this is a necessary prelude to successful teaching, but 
this interest will come only when in some manner or other satisfactory 
reasons have been established for learning. If the reasons for study are 
strong enough, genuine interest will manifest itself and the other desir- 
able qualities that we associate with successful learning and teaching will 
naturally take their place. 

If we accept as a fact the need for definite and strong motivation for 
successful work then the problem narrows down to finding the right con- 
ditions and the necessary stimuli that will bring about in our pupils the 
desirable attitudes toward learning. Is it not true that we in our own 
experience have gone blindly through the motions attendant to study and 
have performed tasks that were required of us without interest and without 
knowledge of their purpose? The objectives we were expected to reach, 
if any, were so remote and obscure as to furnish little incentive for ever 
reaching them. Would our enthusiasm for the work not have been in- 
creased had we but known where we were, where we were going, and why 
we were on the way? 

Let us remember that folks of secondary-school age are usually unable 
to wander alone far from home intellectually. In the strange surround- 
ings they cannot orient themselves with certainty. The vastness of the 
unknown into which they are often sent without a reliable compass or 
chart confuses them. They lose their way, becoming intellectual dere- 
licts subsisting upon what they happen to find and wandering without 
purpose and without hope. This dark and gloomy picture is not over- 
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drawn. We do not know just how dismal the outlook can become until 
we have either experienced it ourselves or have come into contact with 
others who are experiencing it. The objectives to be attained from study 
should be definite and not so far removed that they will be lost sight of 
before their attainment. The successful accomplishment of a task, the 
purport of which is fully known and understood, is in itself a reward that 
brings a sense of satisfaction. Moreover, it furnishes an incentive for 
further effort. 


The background of the proposed organization and plan of carrying it 
into execution herein outlined takes into consideration the need for a 
definite purpose as a compelling motive in education, the need for motiva- 
tion that is not too far removed from the present, and the necessity for the 
orientation of the learner with respect to the work in hand. 


The Unit* 


In recognition of the complexity and scope of the science of chemistry 
we begin by organizing the field for study into related parts or units which 
enable the student to keep himself within a more limited area and make 
the objectives immediate. The objectives within each unit are pri- 
marily those of understandings of principles and appreciations of relation- 
ships. The gathering of information by the student is for the purpose 
of attaining the objectives chosen for each unit. The divisions for study 
should be as few as possible, since a multiplicity of units causes confusion 
rather than clearness of purpose. The choosing of the units comes as 
the result of experiment, because there is much more involved than the 
mere collection of related ideas. For example, there enters into the prob- 
lem the right sequence of the units, in order to have the background that is 
adequate for the building of the understandings that follow. The at- 
tempt to master a principle without adequate preparation will result 
in failure, and with failure a possible loss of morale. True learning for 
the best results comes as the result of growth, and, like that natural proc- 
ess, must have the conditions at the optimum. 

Following are the titles of eight units that may be used to cover the 
field of general chemistry. 


Matter undergoing changes. 

Water, solution, and crystallization. 

The general properties of gases. 

The uses of the idea of atoms and molecules. 
Ionization, acids, bases, and salts. 

The non-metals and their relatives. 


* For full details of the unit method of teaching see MorRISON, “The Practice of 
Teaching in the Secondary School,’’ University of Chicago Press, Chicago, Illinois, 
1929, 
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7. The general properties of metals and their compounds. 
8. Organic chemistry, the compounds of carbon. 


If these are to be made real units for study, they must contain objec- 
tives that are worthwhile. Here must reside clear-cut principles, the 
mastery of which will be a challenge to the pupil. They must contain 
more than just piles of facts set out for inspection like exhibits in a museum. 
The facts as such must be the means of gaining an understanding of natural 
laws and an appreciation of the fineness of natural adjustment. There 
will be found, of course, an abundance of material within the scope of 
each unit that can be learned, but does not need to be taught. There is 
no need of wasting the time of the pupil or the teacher rehearsing the 
properties of the elements, for example, unless the use of these properties 
leads to something more fundamental. There is certainly enough food 
for real thought in the great field of chemistry without wasting time memo- 
rizing words unless some real purpose is to be served. Since it is not 
possible to discuss here the understandings that are to be sought for each 
unit, we shall illustrate only the case of Unit I. 

The underlying purposes of the study of the materials that come within 
the range of the first unit, ‘“Matter Undergoing Changes,’ may be taken 
as: 

An understanding of how matter is composed and some of the 
changes it undergoes. 
A knowledge and understanding that energy is the cause and 
result of chemical change and that the amount of matter and 
energy is constant. 

An understanding of some of the chemical relations of the 
elements, oxygen, hydrogen, and carbon, and their utilization 
in chemical changes. 


It is, of course, evident that the understandings proposed here will not 
be as deep and broad in the first unit as will ultimately result after more 
chemical experience has been gained. However, if the ideas contained 
within these objectives are made the conscious goal of the student during 
the time spent upon this unit, as study progresses, an appreciation of their 
importance will grow beyond this point. 


The Presentation 


The purpose of the presentation, which precedes the period of assimila- 
tion, is to point out the fact that something definite is to be accomplished 
during the period that is to follow. It helps in the orientation and points 
to the goal to be reached and gives reasons for the work that is to come. 
The presentation need not include every topic that makes up the content 
of the unit and, in fact, it is much better that it should not, since such an 
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amount of detail matter would cause mental indigestion. Within the 
presentation some stress should be laid upon the general values of chem- 
istry, together with the more localized purposes of the unit. As a motive 
for close attention to the presentation it is well to require that it be re- 
produced from memory, in outline form. A possible presentation, cover- 
ing the fourth unit of study, will illustrate these points. 


THE USES OF THE IDEA OF ATOMS AND MOLECULES 
Unit IV 


Presentation 


Before beginning a more detailed study of the atom and the molecule, it will aid 
us to follow the story if we know beforehand where it leads. Often we fail to appreciate 
and understand some part of a subject because we do not, at the time, know its relation 
to that which is to follow 

In order to get a clear picture in his own mind of the composition of matter, John 
Dalton, an Englishman, definitely formulated his ideas on this subject; these ideas have 
also aided those who came after him in picturing the way matter is composed. He hit 
upon some ideas to explain the way things are made that have since proved to be correct. 
He thought of all matter as made up of very small indivisible particles called atoms, and 
the various substances of the earth as composed of groups of these atoms held together 
by what he called ‘‘chemical affinity.” 

We shall find how, among other things, these ideas of Dalton’s make it possible to 
understand why any particular compound is always composed of the same elements in 
exactly the same proportion by weight. If it were not for the fact that we always find 
each substance, without regard as to how it was made or where it came from, composed 
of elements in this definite way, there could be no science of chemistry. 

The ideas of Dalton were not entirely original with him. The belief that all things 
are made of very small particles probably had its origin among the Greeks. If this be- 
lief existed before, there is no written record of it. It is not remarkable that they reached 
this conclusion, but what is remarkable is that they gave the subject any thought. It 
illustrates the type of mind developed by the Greek civilization. They liked to speculate 
about things, but that was as far as they usually went with it; they were satisfied to 
think without carrying their thoughts to the test of experiment. It is doubtful if they 
would have progressed far had they set out to prove the existence of these tiny indivisible 
particles. It has taken over 2000 years to develop sufficient knowledge to put this idea 
to the test of convincing experiment. 

It was not until John Dalton (1766-1844) carried the ideas of the Greeks a few 
steps further that any real progress was made toward an understanding of the way sub- 
stances are built. He had imagination, that quality so necessary for exploration into 
the unknown. He summed up his ideas, and that is all they were at the time, in the 
following manner. 

All things are made up of very small particles called atoms 

These atoms cannot be divided by any known means. 

Each individual atom has a definite and constant weight. 

Atoms of different kinds vary in weight from those of every other kind. 

The reason atoms combine with one another to form compounds is that they 
have an attraction for each other, a chemical affinity. 


This picture of the nature of things, as given by John Dalton, will be our starting 
point as we begin the study of this unit of chemistry. If John Dalton’s ideas are worth 
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anything, they should be capable of making clear to us the meaning of facts that have 
been found by experiment. We shall have plenty of proof, before we have completed 
our study, that without his conceptions most chemical happenings would be unexplain- 
able. 

The thought may come to your mind: Why study about the atom and the mole- 
cule, they cannot be seen? Why not study chemistry by examining only those things 
that can be seen with the eyes? Before you can appreciate the importance of the knowl- 
edge about the atom and the molecule to the advancement of civilization and for an 
understanding of the world about us, you must have followed the history of man’s fight 
to overcome the obstacles set by nature. You must have learned what an important 
part this knowledge of atoms and molecules has been, and is, in this struggle. Since 
you have not had this opportunity of following this history for yourself, you must accept 
as truth the statement that it is necessary to understand these things before you are 
really able to appreciate and know what chemistry means. After having made the 
effort necessary to master this part of chemistry, you can look backward more intelli- 
gently and appreciate the bearing these facts have upon a sound understanding of the 
laws of nature. 

We shall learn of the work of the Frenchman, Gay-Lussac, an experimenter with 
gases, and the Italian, Avogadro, who made good guesses, and how the experiments of 
the Frenchman and the guesses of the Italian are combined to explain the molecular 
construction of the common elemental gases such as hydrogen and oxygen. Without 
the ideas of Avogadro the results of Gay-Lussac’s experiments are not understandable. 
The history of science knows no national boundaries; men and women of all civilized 
countries have contributed their part to the knowledge of nature that we have today. 

We already have an idea of what a chemical formula means, but we do not yet 
know how it is found. Before the true chemical formula of a compound can be deter- 
mined, there are three things that must be known about the compound: of what ele- 
ments it is composed, the percentage of each element in the compound, and the molecu- 
lar weight of the compound. 

There is a regular way that atoms combine with one another to form compounds, 
and if we learn the system they have of combining, it is possible to write the formulas of 
substances without ever having seen the formula before. The property of atoms that 
causes them to unite in a definite manner is called the valence of the element or atom. 
It is going to be necessary to learn the valence of the common elements just as it was 
necessary in arithmetic to learn the multiplication table, but after the valences are 
learned and their use understood, writing chemical formulas becomes a simple opera- 
tion. The ability to write and understand chemical formulas is very important in the 
study of chemistry. 

We all have some remembrance of equations from algebra, so the use of the equation 
in chemistry will not be entirely new. The chemical equation to represent substances 
interacting chemically with one another and the substances formed by this interaction 
is another of those guides that chemists have developed to help them in understanding 
and in putting to practical use this property that matter has of undergoing chemical 
change. We must not look upon chemical equations as things put into chemistry books 
to give trouble, but learn to know them for what they are, aids to an understanding of 
nature. Just as soon as we learn to use the chemical equations, we find ourselves think- 
ing in terms of them when considering what takes place in a chemical change of any kind. 
The equation must be balanced before it becomes a true equation. By balancing we 
mean the arranging of the two sides of the equation so that each atom, represented or 
found in the compounds that act upon one another, will be represented in equal number 
in the molecules of the new substances formed. Matter is neither created nor destroyed 
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when it is rearranged in new combinations, and since a chemical equation represents the 
truth, as far as we know it, the equation must take the fact of the conservation of matter 
into consideration. 

Since these and other ideas are so closely associated, it is logical that we consider 
them together. 


In order that we understand the relation of the presentation to the con- 
tents of the unit it is necessary to list here the topics that will come up 
for consideration during the assimilative period that is to follow. There 
are collected within this unit those things based upon the atomic and mo- 
lecular nature of matter that pupils are capable of understanding at this 
stage in the course. During the previous three units there has already 
been built up enough background to make their understanding possible. 
In addition to the use of atomic and molecular structure there is also in- 
troduced into this unit the use of the electrical nature of matter as a means 
of explaining valence. The foundation for thinking of matter as capable 
of assuming an electrically charged condition was laid down in Unit II, 
when colloids were considered. 


CONTENTS OF UNIT IV 


I 


The origin of the belief that matter is composed of small indivisible particles 
The atomic theory of John Dalton 
Atomic weight, or the relative weights of the atoms 
The reasons for the union of the elements in definite proportions by weight 
Molecular weight, the relative weight of the molecules 
The chemical formula and what it stands for 
The use of the chemical formula for the calculation of the percentage composition of 
compounds 
The reasons for the chemical union of elements in multiple proportions 
A use for the formula weight of elements and compounds 
(a) The meaning of the gram-molecular-weight (mole), and its uses 
Gay-Lussac’s law of combining gas volumes 
Avogadro’s hypothesis concerning the number of molecules in like volumes of gases 
Proof that molecules of the common elemental gases contain two atoms 
The uses of the gram-molecular-volume 
Methods of finding molecular weights 
(a) The gram-molecular-volume method 
(6) The freezing-point and boiling-point method 
The method for finding the simplest formula of a compound 
The method for finding the true formula of a compound 
Equivalent or combining weights 
The uses for chemical equations 
Problems involving the chemical equation 
(a) Weight relations 
(6) Weight and volume relations 
(c) Volume relations 
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II 


Valence and its applications 
(a) Constant valence 
(b) Variable valence 
2. The naming of compounds based upon valence 
3. The general meaning of oxidation and reduction 


It would require far more time than that allotted to follow through 
the procedure during the assimilative and the recitation periods, since a 
complete survey of the former alone would be considerable in itself. It 
has been the purpose of this paper to call to your attention but a few of 
the fundamentals upon which the unit method of teaching depends, and 
to give a glimpse of its organization by specific examples. There will 
always be disappointment when we survey the results of our efforts as 
teachers with any method of instruction that we may use. We must re- 
member that we are dealing with the most complicated and little under- 
stood of all things, the human. It has been said that one can tell pretty 
well what a dog will do if you kick him, but nobody can predict what a man 
will do if you knock his hat off. 

Let us repeat, that the surest way to understand the needs of others 
is to first try to understand ourselves, but who can say that they have yet 
succeeded definitely in doing that? Our own experience should teach us 


that the greatest opportunities for teaching lie in consciously utilizing the 
common human need for definite purposes as a directional force, the need 
for a motivation that is not too far removed from the present, and a neces- 
sity for knowing where we are, where we are going, and why we are on the 


way. 


The Bacteriophage. Our Bacteriological Department has called our attention 
to the growing interest in the scientific world in the recent work on the bacteriophage 
or germ-destroying bodies which have been described by Dr. d’Herelle, formerly of the 
Pasteur Institute of Paris, but now at Yale. The theory has been advanced that these 
bodies are minute living parasites much smaller than bacteria which multiply and live at 
the expense of bacteria. Only living bacteria are thus attacked, and eventually de- 
stroyed by the parasite. 

When these studies were first reported a few years ago, much interest was aroused 
as to their future possibilities in medicine, After further intensive study it is gratifying 
to know that practical results are beginning to make their appearance. 

The Department of Health of the State of Illinois is now prepared to distribute the 
bacteriophage in usable form to physicians of the state for three specific types of infec- 
tion, one to be used in treating boils and carbuncles, another for bladder infections, and 
still another for typhoid. 

Although this phenomenon is still in the experimental stage, once it is understood 
and established on a firm foundation, the field of medicine may again be greatly ex- 
tended with the added hope that the present realm of so-called incurable diseases may be 
invaded.—Ind. Bull. of Arthur D. Little, Inc. 





INSPECTION TRIPS* 


W. T. READ, RUTGERS UNIVERSITY, NEW BRUNSWICK, NEW JERSEY 


The objectives of plant inspections vary from mere stimulation of appreciation 
of chemistry to illustrations of unit chemical engineering operations. In dis- 
cussing such trips these questions should be answered: 

Are they worthwhile to the students and to chemical industries? 

What students should take such trips? 

What kind of plants should be visited? 

What preparation should the students make before the trip? 

How can industries make inspections most helpful? 

Students’ courses at Chemical Industries Expositions give in condensed 
and orderly fashion a great deal of the same material that is gotten in plant 
inspections, with ample facilities for explanation and questions. Students are 
brought in contact with leaders of the chemical industry, and are shown a 
collection of the achtevements of chemistry and chemical engineering. 


So many ways, methods, and institutions have been put on the defensive 
in this modern age that it is not surprising that the time-honored ‘“‘in- 
spection trip” is under discussion as to whether or not it is worth the time 
and trouble which it takes. It is not the purpose of this paper to debate 
the question of the continuance or rejection of the inspection trip, but rather 


to consider its objectives, and the extent to which these can be attained. 

The use of lantern slides and motion pictures on the one hand, and the 
spending of several weeks by chemical engineering students in plants, 
and actual working in plants as employees in the codperative educational 
system on the other, are topics outside the scope of this paper. Dis- 
cussion will thus be limited to two types of inspections. Since both types 
have somewhat the same general purpose, they may well be considered 
together, and their points of difference noted later. 

The main objective of these visits is to give students a better under- 
standing and appreciation of the practical application on a large scale 
of the laws and principles learned in the classroom. This is more than a 
mere stimulation of interest in chemistry. If students cannot be interested 
by a well-planned and enthusiastic presentation of the subject by a qualified 
teacher, and still more by their own honest efforts, to learn the principles 
of chemistry and their application to life, no plant trip, however spectacu- 
lar, can furnish this interest. Inspection trips are not for the purpose of 
teaching chemistry. The place for that is in the classroom, the laboratory, 
and the library. It is doubtful whether much more attention should be 
paid to the chemistry of a process than the main reactions and a very 

* Presented before the Division of Chemical Education as part of a Symposium on 
“‘Coéperation between Industry and Chemical Education” at the 8lst meeting of 
the A. C. S., at Indianapolis, Indiana, March 31, 1931. 

919 





920 JOURNAL OF CHEMICAL EDUCATION May, 1931 


brief consideration of equilibria and general thermal relationships. In- 
spection trips, furthermore, are not primarily made in order to teach the 
details of a process. The time of students is too precious for them to de- 
vote much of it to learning anything more than the most general outline of a 
process. Teachers are apt to find that if they spend a great deal of time 
on details, however important they may be in the industry, their students 
are bewildered and lost and fail entirely to get any sort of perspective of 
the process as a whole. There are often more ways than one of making a 
product, and methods change very rapidly in the industry. 

In addition to the primary purpose of convincing students that what they 
are learning in college in the fields of chemistry, physics, and mathematics 
has a definite and practical application in industry, inspection trips have 
a second important objective. This is to teach students to consider that 
any chemical manufacturing process has to do with the flow of materials, 
the flow of heat, and with a combination of what.are now generally called 
unit operations. If they can be taught to see any process from this point 
of view before leaving college, the whole field of chemical industry will 
have for them a unity and a closeness of inter-relationship that no amount 
of study of individual processes can give. There may be the immediate ob- 
jection that this is chemical engineering and few study chemical engineer- 
ing in comparison to the very large number who study chemistry and who 
should have the advantage of at least some inspection trip instruction. 
The reply may well be made that the production of any commodity that 
involves chemistry in any way is dependent upon chemical engineering. 
As soon as quantities and costs begin to have any bearing at all, the proc- 
ess is one of chemical engineering, and should be viewed as such. If stu- 
dents have had even the elements of chemistry, they can easily be taught the 
chemical nature of the raw materials and the products of an industry, and 
the chemical changes which take place between the beginning and end of a 
process. With that in mind, attention should be centered on the way in 
which each operation is carried out on a large scale, on the continuity and 
interrelation of these unit operations, on the methods of regulating and 
controlling each step, and on the utilization of heat and power to maximum 
efficiency. Even the most advanced chemical engineering student will 
not understand all of these matters as fully as an experienced man in the 
industry, but even the student who has very little chemical training, very 
little physics and mathematics, and no engineering at all, can see and 
appreciate the importance of these considerations. Even if the majority 
of students who are taken on such trips never go on with any division of the 
broad field of chemistry as a life work, it is that much more important that 
they should gain an intelligent appreciation of the application of principles 
to practice, and that they should learn to consider processes as combina- 
tions of unit operations with the predominating idea of continuous and 
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economic flow of materials and flow of heat. In the college and university, 
students rightly center their attention on laws and principles, but in the 
plant they must see that these laws and principles are used to attain the 
goal of the chemical engineer: “‘maximum production and maximum qual- 
ity at minimum cost.” 

If these objectives are attained, inspection trips are abundantly worth- 
while to the students. The question which naturally follows is “Are 
they worth while to the chemical industries which are visited?” What a 
chemical plant gets out of a visit of a group of students even under the most 
favorable circumstances is largely a sense on the part of the executives 
and technical staff of a real satisfaction for an altruistic and unselfish ser- 
vice whose harvest will never be gathered by any of those who have sowed 
the seed. Inspection trips take up valuable time on the part of several 
busy and important men. They are at best somewhat disorganizing. 
In only very few instances can they be legitimately charged either to good 
will or advertising accounts. Manufacturers of widely advertised prod- 
ucts, particularly drug and food specialties, and great magazine publishing 
and mail order houses may find it profitable to conduct parties of visitors 
through their plants. The majority of chemical plants make products 
the public never sees or hears of, since these products are the raw mate- 
rials of other industries. So chemical plant executives may consider, and 
for the most part are quite willing to consider, student inspection trips as 
a contribution to the general cause of education, and get their reward in 
the added understanding and appreciation which students get of the 
chemical industry. 

It is necessary to consider the question as to what students should take 
such trips. It is very doubtful as to whether inspection trips should be 
taken to any considerable extent by high-school students. So much can 
be accomplished by exhibits of samples, carefully chosen lantern slides, and 
a few good motion pictures. These students have so little background 
to which they may relate what they see in a plant, that no great efforts 
should be made to take whole classes to plants. There are of course 
exceptions of bright and promising students and of small groups. There 
are towns where some great plant is the center of the industrial life, and 
in which a considerable number of the graduates of the town high school will 
ultimately find employment. Such visits, however, are largely from the 
point of view of training in citizenship rather than training in chemistry. 

Inspection trips thus mainly concern college students. The further ad- 
vanced they are, the more they get out of a trip and the more trips they 
can afford to take the time to make. It is an open question whether every 
member of a first-year course in chemistry should be taken on these trips, 
and just how much good could be accomplished by taking all of them. 
If a process is somewhat spectacular and the plant is of such a nature that 
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large groups can see it without too much inconvenience, an entire first-year 
class can profitably invest an afternoon in a visit. There are two classes 
of students for whom plant trips are valuable and necessary. The first 
class is one which is too often neglected. I refer to students who have no 
intention whatever of becoming chemists or chemical engineers, but who 
want some training in chemistry to fit them for a business career. It is 
very necessary that these students should be given the proper perspective 
of the relation of chemistry and chemical engineering to industry. Many 
of these men will some day be bankers, directors of corporations, large 
investors, and chemical industry will do well to make friends of these men 
in their impressionable years. The second class, obviously, is made up of 
men who expect to make chemistry a career. Even the purest of the pure 
chemists should have some conception of chemical industry and particu- 
larly of chemical engineering as illustrated in a chemical plant. Since 
three out of four of these students who make good and stay in the field of 
chemistry will be absorbed by chemical industry, they should by all means 
get a definite conception of the applications of chemistry to industry, 
and of the part played by chemical engineering in manufacturing. 

The choice of plants to be visited is important. Often those plants 
in which the chemical changes are most involved and complex are plants 
in which there is least to be seen by students. A few tanks and tubs 
and filter presses may represent the equipment for the carrying out of a 
most intricate synthesis of a dyestuff. The same reaction which takes 
place in a sealed tube in a bomb oven is carried out in a vessel holding 
a ton of material, but the chief interest is in the construction of the auto- 
clave, the material of which it is made, the way in which a stirrer can be 
operated with pressures of hundreds of pounds inside the vessel, and the 
way iti which heat is applied and controlled. Practically no real chemical 
changes take place in a sugar refinery, and yet there is no finer plant 
in which to illustrate a very great variety of unit operations as well as 
handling of materials and transfer of heat. The factors which govern a 
choice, other considerations being equal, are thus the abundance and 
variety of unit operations rather than chemical changes. The more open 
and clear the view of equipment in a plant, the more desirable it is for in- 
spection purposes. By-product coke oven plants and petroleum refineries 
are good illustrations of this point. Students in general should not be 
taken through plants where there are many operatives working as a 
unit in continuous processes, as for example in the wire-drawing department 
of an electric light bulb plant and in a textile mill. What little they 
see of interest does not begin to compensate for the way in which they 
distract the attention of employees and slow up production. On the other 
hand there are processes which require so little attention that a group of 
students will see an employee only now and then, and thus get in no one’s 





Vo. 8, No. 5 INSPECTION TRIPS 923 


way. Visiting plants where there is continual danger of fire and explosion 
unless strict caution is always observed is not to be recommended except 
with very small groups of mature and responsible students. 

There also arises the matter of secrecy, which is still the policy in some 
industries. This is a question which need not be debated here. The 
company acts as host to visiting students, and if there are parts of a process 
which they do not care to show, it is their business, and it is certainly 
discourteous to criticize the policy and at the same time accept the hos- 
pitality. Most teachers will be inclined to agree with the somewhat 
cynical conclusion that after all the work and trouble and worry which is 
required in getting an idea across to a student, it is extremely unlikely 
that any secrets will be picked up by students on an inspection trip. 
Assuming complete justification for a policy of secrecy, it is generally 
better not to take students to plants that are not willing to show the en- 
tire process. It is very hard to explain the restrictions, and the whole 
effect of the visit may be lost in a feeling of irritation and resentment 
on the part of the students. It is also just as bad to hurry a group through 
and to refuse to answer reasonable questions. No student should be 
interested in exact data of temperature, pressure, time, and quantities. 
Of course it is assumed that faculty members who are consulting experts 
in this field for a rival company will be left at home. 

An inspection trip that is made without adequate preparation is not 
merely of doubtful value, but may be so confusing as to be worse than 
useless. This means that the faculty members must themselves be reason- 
ably familiar with the process, not so much with details as with the main 
ideas, purposes, and principles, and also that they should have studied the 
process as carried out in this particular plant. It also means that the 
students should know something of unit operations and the construction 
and use of the more important types of chemical engineering equipment. 
A student does not have to have a thorough knowledge of the valve parts 
of a continuous filter to be able to understand the general idea of its con- 
struction and operation. The students themselves should also have studied 
the process, so that they can recognize the various steps when they are 
pointed out. . 

Matters of organization such as advance plans, a rigid adherence to 
schedule, proper clothing, meals, transportation, all are important, but 
need not be discussed here. There is of course a certain amount of ease 
and freedom and informality in such trips, and the formation of more 
pleasant relations and better understanding between the members of a 
party are valuable by-products of plant trips. At the same time students 
nust not be permitted to look on such a trip as a lark, and scuffling and 
horse play and practical jokes are not only annoying to the company acting 
is host and very destructive of the good name of the institution, but are 
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also in many cases very dangerous to the students themselves. They 
should realize that the plants are rendering them a very great service, and 
that they owe the same courtesy and gentlemanly behavior as guests in a 
plant as they do as guests in a home. 

Even though the plants get very little out of student inspection trips 
except the general satisfaction of having made a contribution to the educa- 
tion of their guests, if they go into the project at all, it should be done 
thoroughly and efficiently. If the party has been given a definite time, 
they should be there promptly, and should be admitted promptly. There 
should be no long and tiresome wait while somebody runs down the super- 
intendent, who directs that the leader of the party report to his office, 
and finally finds a man who can serve as a guide. Even though the in- 
structors with a party of students know the process reasonably well, 
they could not be expected to know their way over a big plant. More 
than six or seven in any one group means that some one is going to miss 
hearing what is said, and when a group of twenty tries to see a plant with 
one guide, the situation is hopeless. The guides should themselves know 
the whole process and be able to answer intelligent, legitimate, and reason- 
able questions. The better prepared the students are to make the trip, 
the more sensible the questions will be. A bored, listless, supercilious 
group either means poor preparation or students who should never have 
been allowed to make a plant trip. Some plants make it a practice to 
get the whole party together at the outset and have the process explained 
by a plant executive. Even though the ground may have been covered 
by the instructor, there are always new ideas and points of view as well 
as a more satisfactory confirmation of what has already been taught. 

Since it is quite a task for a plant to do a thorough job of a plant in- 
spection trip, it is very desirable that small classes from several institutions 
should join in making such trips. It would also be very desirable if there 
could be some sort of exchange of information between colleges so that 
several different plants in the same field could divide the burden of taking 
care of students, rather than having a number of parties at one plant and 
none at others of a like nature. There is a limit to the good nature and 
hospitality of chemical plants, and there should be a reasonable distribu- 
tion of inspection trips. 

Beginning in 1915, there have been twelve Expositions of Chemical 
Industries, and the thirteenth will be held this May. Millions of dollars 
are spent at each exposition in presenting the raw materials, products, and 
equipment of chemical industry. These expositions are a type of advertis- 
ing, and the fact that they continue year after year is a very clear indication 
that several hundred concerns consider this an efficient and profitable 
method of advertising. They are also a record of progress and achieve- 
ment in many fields of chemistry and chemical engineering. While thou- 
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sands of business men, plant executives, engineers, and chemists visit 
these expositions, they are not open to the general public, and are never 
so crowded but, that there is ample opportunity to see the exhibits thor- 
oughly. It is hardly necessary to enumerate to men in chemical industry 
what is shown at the Chemical Exposition, but there are probably some 
teachers in easy reach of New York City who do not attend these shows, 
and there are many more who have not yet realized their great teaching 
values and the vast educational resources which are there. 

Some things which plant inspection trips offer cannot be duplicated at 
an exposition. These are the unity, sequence, and continuity of opera- 
tions, the general principles of plant layout and design, the applications 
of power, the handling of materials, the transfer of heat, and the impres- 
sion of size and scope which are some of the products of plant inspection 
trips. On the other hand there are many things which can be seen both 
at the Exposition and in plants, and these things are often more easily 
and satisfactorily seen at the Exposition. This is particularly true in 
regard to chemical engineering equipment, and the reasons are these. 
In the plant the various pieces of equipment are connected and operating. 
In the case of valves, pumps, and similar accessories, they are often hidden 
in obscure places where they escape notice of a visitor. Some units are so 
large that they extend through more than one floor and are thus-not easily 
seen. Others are insulated so that they are not recognizable, or shut up 
inside protecting walls so that they cannot be seen. In any case they are 
in use and cannot be examined closely without interfering with the orderly 
operation of the plant. At the Exposition, each piece of equipment is 
isolated, usually unconnected, and is “dressed up and in the parlor’ for 
inspection. Often small models that have all the features of the full-size 
machine are shown, and can be much more readily and easily studied. 
Special parts are often shown separately, and in some cases a section is 
cut away or a glass window is inserted or a cover is removed, or in some 
other way detailed inspection is made possible. Furthermore, in the plant 
the point of view is the combination of unit operations as a whole. The 
members of the staff serving as guides have no special interest in explaining 
the construction and operation of each piece of equipment. At the Ex- 
position the manufacturers of equipment show their own products. It is 
good advertising policy for them to acquaint students with the uses, pos- 
sibilities, and advantages of these products, since these students in a few 
years may be buyers. There is ample time to study equipment, and there 
is the advantage which always comes from comparative study. As a 
rule in a plant students see only one type of equipment for a given unit 
operation. They might travel for a month through plants without seeing 
as many varieties of filters as they could see at the Exposition in an after- 
noon. In a plant a machine is not replaced by a newer and better type 
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unless it is clearly profitable to make the exchange. So students may see 
older types of apparatus and miss entirely the newer and better. In the 
Exposition these new things are shown, and the student is brought up to 
date in the progress of things. The materials of construction are most 
important, but this phase of a chemical industry may be overlooked in 
seeing equipment unless some one thinks to point it out specially. At the 
Exposition practically every material that is used in the construction of a 
chemical plant is shown, pure metals, alloys for every imaginable purpose, 
wood, rubber, resins, plastics, ceramic ware, and the rest. Laboratory 
equipment, apparatus, and chemicals are shown, especially the newer 
things which the journals have discussed. Specimens of raw materials 
may be seen side by side with the intermediate products representing every 
stage of manufacture and the final products. Resources of various regions 
of the country are set forth. The accessories of chemical industry, pipes, 
valves, pumps, and the instruments of measurement, regulation, and 
control are on exhibit. The United States government is the largest of all 
exhibitors at these Expositions, and the work of various bureaus in eco- 
nomic research, public health service, in national defense, and in all manner 
of research for the benefit of agriculture and industry is set forth vividly and 
interestingly. Chemical organizations are represented. Publications, 
both journals and books, have exhibits. To sum up the resources of a 
chemical exposition, there are collected in one place and under ideal cir- 
cumstances the achievements of chemistry and chemical engineering, which 
it would require months of time and thousands of miles of travel to see in 
chemical laboratories and plants. 

If inspection trips to chemical plants give an impression of unity and 
system in the application of principles to large-scale production, the 
Chemical Exposition gives an impression of the vast diversity and range 
and scope of the applications of these same principles. After all, the last- 
ing effect of any sort of inspection trip is the impression which the student 
retains in later years long after the information which is acquired has been 
forgotten or replaced by what is more recent, and both types of inspection 
trips have the forming of impressions as their main objective. 

There is another feature of the Chemical Exposition which should be 
mentioned. After the first day these shows open at noon, and the students’ 
mornings would otherwise be unoccupied. It is a difficult matter to mix 
in plant trips with a thorough study of the Exposition. In order to provide 
for these students a definite program of instruction was begun in 1923 with 
the organization of the Students’ Courses of the Exposition. 

In the first course a series of lectures were given by chemists and chemical 
engineers, mainly on the fundamentals of chemical engineering opera- 
tions, with some discussion of materials and of economics. The atten- 
dance at this course was 115. At the next Exposition the same sort of a 
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course was given, and 135 were present. By this time there appeared to 
be a definite need for two parallel courses, one for elementary students of 
chemical engineering, and another for more advanced students. The third 
series of courses made this experiment and it proved successful, the 165 who 
attended being fairly evenly divided into the two groups. Up to this time 
the Exposition was held in the fall when most colleges either had not 
opened, or were just opening, and it was easier for students to attend. The 
change of date to May put an entirely different aspect on the project. 
Since May is a very busy time for colleges, comparatively few students can 
afford to attend for an entire week as in the past. Although a goodly 
number were present, the experience of the fourth course indicated that a 
change was desirable. The plans for the Exposition this May call for 
three courses, each lasting two days. (The detailed program may be 
found in the Contemporary News Section of this issue of the JOURNAL 
OF CHEMICAL EpucaTION, pages 1001-4.) Each course has a different 
purpose and is for a different type of student. In two half-day lec- 
ture sessions it is obviously impossible to give anything like complete 
descriptions of equipment or discussions of recent developments in chem- 
istry and chemical engineering. For this reason the type of lecture has 
been changed so that the students will hear a general discussion, and each 
set of lectures will have a common purpose and theme. 

The first course is for students of chemical engineering who have a 
general foundation in chemistry but who have had little or no training in 
engineering subjects, and for a still larger group who are interested 
in some phase of chemistry and have yet to make a decision as to a specialty. 
The purpose of the course is to answer the question, ‘“‘What is chemical 
engineering?” The lectures will deal with the general comparison of unit 
operations and processes, the handling of materials, transfer of heat, mate- 
rials of construction, a few important unit operations, and a consideration 
of chemical engineering as a career. 

Advanced chemical engineering students and younger men in chemical 
industries will compose the group for which the second course is intended. 
Its purpose is to bring the young engineer in contact with the more recent 
tendencies and developments in his field. The topics to be discussed will 
include the economics of plant location, plant layout and design, the con- 
tributions of science and invention to chemical engineering, progress in 
unit operations, the relation of small-scale experience to large-scale develop- 
ment, and a rather detailed consideration of high-pressure operations, and 
the part new alloys have played in such operations. 

Up to this time the chief emphasis of the Exposition courses has been 
upon unit operations and chemical engineering equipment, and many 
students of chemistry have felt that the field of chemistry was being 
somewhat neglected. A third course has been arranged for students of 
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chemistry, both undergraduates and graduates, and for younger chemists 
in industry. Its purpose is to consider the work of the chemist and the 
training of the chemist. The topics to be discussed include a considera- 
tion of chemistry as a career, the work of the chemist in the plant, in co- 
operation with chemical engineers, as an expert witness, the possibilities in 
the field of synthesis, the relation of the chemist to the world’s work, and 
the training of the chemist in the university, in industrial fellowships, and 
in the plant. 

A program for teachers is planned for the last afternoon, and will include 
visits to the exhibits with guides to point out the high lights, and a discussion 
of the general theme of the teaching values of the Exposition. 

In general those students get most out of the Exposition who come with 
their own instructors and carry out a definite program of study with the 
view of making a report and taking examinations on what they have seen. 
In most of the past courses there have been regular examinations given 
and reports submitted. Where students come without definite assign- 
ments and particularly where younger men from industry attend and wish 
certain recognition of the time and efforts which they make, facilities are 
provided for instruction at the exhibits, for assignment of material for a 
report, and for taking written examinations. 

All of the lectures are given by volunteers. Some of these men are 
distinguished members of university faculties. Others are editors, con- 
sultants, and plant executives. No university in the country could afford 
to assemble such a group of instructors. It is not only what these men say, 
and the experience of the past has been that their lectures have been most 
helpful, but it is once more a matter of an impression. The foundation of 
chemistry in this country is the ability, knowledge, character, and per- 
sonality of leaders in this profession. It means a great deal to an impression- 
able student to be brought in contact with men who have done notable 
things in chemistry, men who can speak with authority, men who are 
interested in making a contribution to the cause of chemistry by meeting 
and talking with the young men who are to take their places in the coming 
years. 

Inspection trips to plants as a method of instruction have been success- 
fully used for years. The Chemical Expositions have so far been used 
much less for educational purposes, but many of us who are deeply in- 
terested in students hope that the Exposition courses will become a very 
great factor in training chemists and chemical engineers. Both types of 
inspection trips have their place in a program of chemical education, 
their chief values being in giving students a well-balanced conception 
of the application of laws and principles in industry, and an inspiration 
to go further and themselves make contributions to their science and to 
the welfare and advancement of humanity. 





SOME SPECTACULAR EXPERIMENTS IN CHEMISTRY 
IRVING FINE, JAMES MONROE HIGH SCHOOL, NEW YorK CIty 


The spectacular experiment is in frequent demand as an element in chemis- 
ry-club entertainments. Occasionally it may also find a legitimate place as a 
timulus to waning classroom interest. Other things being equal the writer 
elieves that an element of the spectacular adds to rather than detracts from 
he value of a demonstration. The following collection is offered to fellow 
eachers with the hope that the experiments may prove useful for such purposes 
s circumstances and individual good judgment may indicate. 


The Oxy-Hydrogen Flame 


First in this series is the spectacular work done with the oxy-hydrogen 
‘lame. For best results, it is advisable to use tanks of the compressed 
vases instead of trying to run the flame from the ordinary laboratory gen- 
crating apparatus. These demonstrations are especially impressive when 
performed in a darkened room. 

A.—A rather unusual experiment consists in melting metals in water. 
For this purpose, the flame is introduced into a large battery jar of water, 
and by regulating the pressure, it will be found that the flame will con- 
tinue to burn in the water. While this is going on, one can very success- 
fully melt a wire in the flame. 

B.—Another very striking demonstration along similar lines is per- 
formed by slowly bubbling the oxygen into a large beaker of hot water 
containing a few small pieces of yellow phosphorus. The phosphorus 
ignites and brilliantly burns under the water. 

C.—The atomic hydrogen flame can be easily demonstrated by allowing 
the oxy-hydrogen flame to pass through an electric arc. 

D.—Synthetic rubies may be made by fusing aluminum hydroxide con- 
taining one per cent of chrome alum; for sapphires, titanium oxide is 
substituted for the alum. Ina similar manner, other jewels can be manu- 
factured. 

The oxy-hydrogen flame can also be used to demonstrate the lime light, 
the manufacture of glass and alloys, etc. 


A Safe Method to Explode Large Quantities of Oxygen and Hydrogen 


For this purpose it will be necessary to obtain a cylindrical cardboard 
container of one quart capacity. These can be purchased in almost any 
grocery store. After removing the cap, a longitudinal slit, one-half inch 
wide, is made in the container, and then a long piece of cellophane is 
pasted over the inside of this opening. After thoroughly coating the con- 
‘ainer with paraffin or shellac, it is ready for use. It is filled with water, 
inverted, and placed upon the shelf of a pneumatic trough of water, and 
then filled with one-third of oxygen and two-thirds of hydrogen. The 
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cellophane window serves to indicate the level of the water in the con- 
tainer. When filled with the explosive mixture, the upper rim of the 
container is grasped with a pair of tongs and then carried to a flame. A 
tremendous explosion occurs without any of the usual hazards that ac- 
company the use of a bottle. 


An Experiment to Show That Air Is Combustible 


This is merely a variation of the well-known reciprocal combustion 
experiment. The bottom of a wide, cylindrical lamp chimney, clamped 
vertically to a ringstand, is fitted with a two-hole cork containing an 
ordinary glass tube and a wide (one-half to one inch) glass tube. The 
narrow tube extends one-half inch above the cork, while the wide tube 
extends two inches above the cork. The top of the cylinder is then covered 
with a sheet of asbestos, containing a one-half inch hole. The illuminat- 
ing gas enters the chimney through the narrow tube and is ignited above 
the opening in the asbestos. The gas is adjusted until the flame is about 
two inches high. The air can then be actually ignited by passing a burning 
taper up through the wide tube into the chimney. If a wooden splint is 
now inserted through the wide tube the burning air will ignite it. By then 
asking the class a question along the following lines, ““Why not use air in 
gas stoves instead of using illuminating gas?’ the idea of the experiment 
can be easily brought out. 


Spontaneous Combustion 


The following are six striking demonstrations dealing with spontaneous 
combustion. Although (B) and (D) have appeared in the JoURNAL OF 
CHEMICAL EpucaTION previously (1), still they have been included here in 
order to make the collection more complete. 

A.—The Apparent Ignition of Alcohol with a Glass Rod. By first 
dipping a glass rod into a mixture of potassium permanganate and con- 
centrated sulfuric acid, and then touching the wick of an alcohol lamp with 
it, the alcohol wiil ignite. 

B.—Igniting Wood with Sodium Peroxide and Water. For this pur- 
pose, a mixture of sodium peroxide and sawdust is placed in a pan in the 
sink. If a small amount of water is then dropped upon the mixture an 
intense combustion takes place, emitting a blinding yellow flame. 

C.—The Apparent Burning of Water. A small piece of sodium or 
potassium is put into a beaker. If water, containing a small amount of 
ether, is then poured into the beaker, the ether ignites, giving the illusion 
that the water is burning. 

D.—Pouring Red Hot Lead from a Cold Test Tube. A good pyro- 
phoric powder is easily made by heating lead tartrate in a hard glass test 
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ibe until no more fumes are evolved. The tube is then tightly corked 
ead allowed to cool. When sprinkled into the air, the colloidal particles 
.! lead and carbon take fire spontaneously, creating the illusion that the 
old test tube actually contains red hot lead. The effect may be increased 

yv pouring the mixture on gunpowder. 

E,—Spontaneous Combustion of Acetylene in Chlorine. If the 
‘elivery tube of an acetylene generator is held in a bottle of chlorine, the 

etylene ignites spontaneously. 

F.—A Safe Way to Prepare Phosphine. A two-ounce wide-mouth 
ottle is fitted with a two-hole rubber stopper containing a delivery tube 
end a wide tube (one-half inch diameter). The delivery tube is flush with 
the bottom of the stopper. The wide tube extends to within one inch of 
‘he bottom of the bottle, and also extends one inch above the stopper. 
‘he delivery tube leads into a pan of water from which it should not be 
removed until the evolution of the phosphine has stopped. 

The generator is then filled to within one-half inch of the top with hot 
water. Small pieces of calcium phosphide are now dropped in through 
the wide tube, and then the tube is corked. A steady stream of phosphine 
is thus safely generated, resulting in the formation of the characteristic 
smoke rings as the gas leaves the pan of water. At the end of the demon- 
stration, the cork is removed from the wide tube and then the tube is con- 
nected by rubber tubing to the cold water faucet. By gradually turning 
on the water, the reaction mixture is washed out of the bottle. 


A Simple but Effective Way to Show the Increase in Weight upon 
Heating Metals in Air 


A large bundle of iron wool is counterbalanced on a beam balance. It is 
then held, by means of tongs, above a small flame until it ignites. The wool 
is then removed from the flame until it stops sparking. The entire process 
is repeated until all the iron has completely burned. Upon reweighing, 
the increase in weight is very apparent. One must be careful not to burn 
the wool too rapidly so as not to lose too much of the iron in the form of 
sparks. 


Fusible Alloys 


The four components of Wood’s alloy are heated separately in four 
‘est tubes of water. It will be found, of course, that none of the constitu- 
ents melts in the hot water. The water is then poured out, and the four 
metals are fused together in a crucible. The molten mixture is then poured 
n the stone table-top so as to form a long, thick strip. A piece of the strip 
is then heated in a test tube of water into which a thermometer has been 
inserted. It will be found that the metal strip melts around 60°C. 
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Kindling Temperature 


A burning match is inserted in a test tube full of kerosene. The flam 
goes out and thus the question of kindling temperature is brought up 
Some kerosene is then ignited in a casserole and poured from a height o 
about three feet through a large, wire gauze held above a battery jar. Th 
wire gauze effectively extinguishes the burning stream of kerosene, whic! 
thus serves as an interesting approach to the study of the miner’s safet: 
lamp. 

Fire Extinguishers 

A.—Pyrene. Two 500 cc. beakers are each filled with 50 cc. of kero- 
sene. Bothareignited. Water is then slowly added to one of the beakers. 
It will be found that the water is ineffectual in extinguishing the burning 
kerosene, because the oil floats to the top. One-third of a test tube o/ 
carbon tetrachloride is then added to the second beaker of burning kero- 
sene. The flame is extinguished at once, amid a puff of black smoke. The 
commercial application—Pyrene—is then exhibited. 

B.—The Chemical Fire Extinguisher. The top of the chemical fire 
extinguisher is unscrewed and the bottle of sulfuric acid is removed. Some 
of the sodium bicarbonate solution is then withdrawn from the tank and a 
small amount of the sulfuric acid is added in order to show the action in- 
volved. A miniature fire extinguisher is then assembled and used for 
extinguishing some burning paper in a pan. 

C.—Foamite-Firefoam. One-half inch of kerosene is put into a 
trough and ignited. When the kerosene is burning strongly, the instructor 
calmly pours both Foamite solutions into the trough from opposite sides. 
The flames are extinguished almost immediately by the thick foam formed 
by the reaction. 

Solution No. 1 contains sodium bicarbonate; solution No. 2 contains 
alum and licorice. 


How to Obtain a Positive Test for Ammonia during Destructive 
Distillation 


The addition of lime to the coal-tar collector insures the test for am- 


monia (2). 
Preparation of Liquid Ammonia and Ice 


During the laboratory preparation of ammonia, the delivery tube is 
placed in a test tube standing in a wide-mouth bottle of “‘dry ice.’’ The 
manufacture of ordinary ice is then easily illustrated by standing a smal! 
test tube of water in the test tube of liquid ammonia. If so desired the 
liquid ammonia may first be used to cool brine, which in turn will freeze a 
smaller test tube of water. 

In the same way, other gases may be liquefied. 
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Thermite 


The well-known experiment on thermite can always be depended upon 
to arouse an intense enthusiasm for science. For this demonstration, it is 
first necessary to prepare a plaster of Paris cone. This is made by coating 
the inside of a large funnel with vaseline. A large paper cone is placed 
inside, and it also is coated with vaseline. 

A hollow plaster of Paris cone is now made, using the prepared funnel 
as a mold. Before the plaster sets, a hole is made in the bottom of the 
cone. When the plaster is hard, it can be very easily slipped from the 
funnel. 

The cone is placed in a large ring on a ringstand, at the base of which 
isa panofsand. A piece of paper is stuffed into the opening at the bottom 
of the cone so as to prevent the ignition mixture from dropping out. The 
cone is then filled with the mixture of aluminum powder and iron oxide. 
Other oxides, of course, may be substituted. To insure a good yield of 
molten metal, a liberal number of iron brads is added to the mixture. 

On top of the mixture a very small heap of an oxidizing agent is placed. 
A piece of magnesium ribbon is then stuck into the oxidizer, the cone is 
covered with a sheet of asbestos, containing a small hole for the magnesium 
strip, and the magnesium ribbon is ignited. 

This demonstration is most dazzling and impressive when shown in a 
darkened room. 

Chromium Plating 


Prepare some red chromium trioxide by adding concentrated sulfuric acid 
to potassium dichromate. Filter through glass wool and dissolve 300 g. 
of the trioxide in one liter of water containing 5 cc. of concentrated sulfuric 
acid. 

Clean the object to be plated and hang it on the cathode. A lead plate 
is used as the anode. 

The cell is then covered with a sheet of paper to prevent fuming. It 
is advisable to use a heavy current density (10-20 amp.) and also to keep 
the solution at a temperature of 50°C. For the best results it is well 
first to plate the object with nickel. 


Colloids 


An impressive experiment on colloids is performed in the following 
manner. A carbon arc is struck in a beaker of water. It will be found 
that the arc is much more brilliant in the water than it was in the air, 
due, perhaps, to the absorption of the red heat waves by the water. After 
the arc has been running for about ten minutes, some of the water is put 
into a small crystallizing dish. The dish is then placed upon the stage of a 
microscope and the lens is immersed in the water. By sending a strong 
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horizontal beam of light through the water, the characteristic, scintillating 
opalescence of the Brownian movement shows up extremely well. 


The Claude Process for Obtaining Power from Warm Sea Water 


By making several slight modifications in the standard distilling 
apparatus, the Claude process can very easily be demonstrated. A 
small, efficient turbine is connected between the distilling flask and the 
water condenser, and the distillation is conducted under vacuum. In order 
to duplicate actual conditions as far as possible, the water is first heated 
to 70°F. This represents the warm water at the surface of the sea, while 
the cold water in the condenser corresponds to the low temperature water 
obtained from the depths of the sea. 


A Model Electric Lamp 


A model electric lamp can be easily made in the following manner: 

A thin wire, the filament, is attached to two copper lead-ins, held in 
place in a Florence flask by means of a one-hole rubber stopper containing 
a glass tube. 

The glass tube is then connected to an exhaust pump and the two copper 
leads, at the sides of the stopper, are connected to the lighting circuit. A 
rheostat must be used in order to regulate the current so as to prevent 
blowing out the makeshift filament. 

As the air is gradually exhausted, it will be found that the filament 
becomes brighter and that tungsten is the only material that emits a 
bright light without burning out. 


An Experiment on the Radiation and Absorption of Heat 


For this demonstration it will be necessary to silver an air thermometer 
bulb. This is easily done by warming the bulb and then placing the 
tube in a beaker of the silvering solution. As the glass cools the silvering 
solution is drawn up into the bulb. Heat the bulb to silver it and then 
drive the spent solution out by reheating it. 

A second air thermometer bulb is then blackened by heating it in a lumi- 
nous flame. 

Each is then clamped to a separate ringstand, bulbs upright, the open 
tubes resting in two separate beakers of colored water. The two indexes 
are then adjusted to the same level. 

If a luminous flame is placed midway between both bulbs, the indexes 
will indicate that the blackened bulb absorbs more heat than the silvered 
bulb. 

A Simple Photoelectric Cell 


Although the following cell is very easy to construct, still it is extremely 
sensitive to light (3). 
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This device, a type of voltaic cell, generates current continuously, but 
under the influence of light, however, its output jumps up several milli- 
amperes. 

The cell, which can be set up in a beaker, uses a solution of lead nitrate 
as the electrolyte, a lead plate as the cathode, and a copper plate, coated 
with cuprous oxide, as the anode. The anode is easily prepared by gently 
baking a clean copper plate for about one-half hour. If the temperature 
is carefully regulated, the plate will become coated with a thin layer of 
red copper oxide. A high temperature should not be used as it forms the 
black oxide. 

Under the influence of light, the cuprous oxide loses electrons and changes 
to cupric oxide, thus increasing the output of the cell. 


Literature Cited 


(1) Jorpy, “Explosives; a Burlesque Lecture,’ J. Coem. Epuc., 7, 653 (Mar., 1930). 
(2) FLETCHER AND FINE, “Destructive Distillation,”’ zbid., 8, 151 (Jan., 1931). 
(3) Bayer, “Light-Sensitive Cells,’’ Radio News, April, 1929. 


Nature Forms Giant Ice Crystals Only Once. Large ice crystals, up to eighteen 
inches across, can be found at only one spot in the world, at the famous Kungur ice 
caves of the Ural mountains. 

Creeping its way along the chill subterranean passages the expedition of the Hydro- 
logical Institute of Leningrad, led by Dr. W. Altberg and W. Troschin, gasped at the 
fantastic structures taken by water in these remote grottoes. They returned with a 
priceless set of photographs to share their amazement with the scientific world. 

Snowflakes, seen under the microscope as beautiful, delicate six-pointed crystals of 
very varied designs, will nevertheless not bear comparison with these strange Russian 
formations. Hailstones on very rare occasions have been found to consist of larger 
crystals, visible without magnification. 

The cave crystals are not compact and solid. They are hollow, and six-angled, 
with a curious, spiral geometry. They show the intricate tropical forest effects of win- 
dow-pane frost projected into three dimensions. 

The odds against the coincidence of unusual physical circumstances necessary for 
the growth of large crystals to visible size must be enormous, say the Soviet scientists. 
Only at one other place on the earth’s surface have they been reported and there not 
permanently. 

The ice is deposited like hoarfrost by the cooling of moist air as it passes outward 
through the caves. Those of the weird caves, so far explored, twenty-two in number, 
stretch in a nearly straight line for a distance of a kilometer. Measurements by the 
hydrological group showed that with a temperature outside of 40 degrees below zero 
the entrance to the first grotto, which contains much ice, was at 3 degrees Fahrenheit. 
The temperature rose steadily as the awed party passed inward through the successive 
caverns, reaching as high as 45 degrees Fahrenheit above zero in the innermost cave. 

Under certain conditions a current of air passes from warmer to colder grottoes, thus 
setting up the conditions for the deposition of ice. 

The information obtained by the Leningrad party throws new light on the mode of 
formation of ice crystals and on the origin of ice caves.— Science Service 





A STUDY OF THE TYPE AND NUMBER OF BALANCES ESSENTIAL 
FOR HIGH-SCHOOL USE 


RALPH E. DUNBAR AND Emory D. FISHER, DAKOTA WESLEYAN UNIVERSITY, MITCHELL, 
SoutH DaKotTa 


A study of 1900 typical laboratory experiments contained in fifteen popular 
high-school chemistry laboratory manuals reveals little if any justification 
for the purchase of expensive analytical balances for student use, if these 
exercises are to be made the basis of student experimental work. The common 
Harvard trip balance is used most frequently, in fact more than eight times as 
often as any other type of balance. A Hand Balance of horn-pan type, an 
inexpensive open-air Troemner balance with agate knives and bearings will 
meet all additional needs. Recommendations are given concerning the number 
of each type of balance desirable for classes of various sizes. The purchase 
of expensive analytical balances must be justified by other reasons. 


Many high-school chemistry instructors apparently believe that their 
laboratories are not adequately equipped for student use unless they 
include one or two expensive analytical balances. Large sums of money 
can easily be invested in such equipment. In addition a balance, however 
accurate, is no more dependable than the weights with which it is equipped. 
Thorough consistency must be followed throughout in buying and using 
such precision equipment. Also many instructors have too frequently 
noticed a total lack of appreciation for such delicate equipment on the part 
of many high-school students. For these reasons it seemed advisable to 
make a study of several representative high-school laboratory manuals in 
order to discover to what extent the various types of balances are used in 
the high-school courses in chemistry as based on the various manuals 
under consideration. 

In making this study fifteen widely used high-school chemistry laboratory 
manuals were surveyed. In each case the manual was designed to ac- 
company a well-known high-school chemistry text. The survey covers 
the total number of experiments, the number requiring a balance, and the 
type of balance required in each case. Where the exact type of balance 
was not designated the sensibility of the weighing was noted, and from this 
the type of balance best suited for the purpose was tabulated. In many 
cases the exact type of balance to be used was definitely stated. 

All required weighings may be performed on three types of balances, 
which we shall designate as Types “A,” “‘B,” and ‘‘C” in the tabulation 
that follows. Type “A” is the common platform balance, popularly 
known as the Harvard Trip Balance. This balance is usually equipped 
with agate bearings and has a sensitiveness of one-tenth gram with light 
loads. It sells for prices ranging from $10.00 to $15.00 at most supply 
houses. Type “B” is the Hand Balance of horn-pan type. The sensitive- 
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ss of this balance probably reaches 10 mg. It can be purchased for 
aproximately $3.00. Type ‘‘C’ is an open-air, all-metal balance fre- 
iently referred to as a Troemner balance. This balance has a sensitive- 
‘ss of 2 mg., is provided with knife edges and bearings of agate, and special 


am arrest. 


It can be purchased for prices ranging from approximately 


$0.00 to $40.00. On this basis the fifteen laboratory manuals were sur- 
.oyed and the results tabulated as shown below. 


Name of Laboratory 
Manual 


.boratory Experiments in Chem- 
istry 
iboratory Exercises to Accom- 
pany First Principles of Chem- 
istry 
iboratory Practice in Chemistry 


aboratory Studies in Chemistry 

aboratory Exercises in Chemistry 

aboratory Manual to Accom- 
pany Foundations of Chemistry 

Applied Chemistry, A Laboratory 
Manual 


Laboratory Manual of Chemistry 


Author 


N. HENRY BLACK 


BROWNLEE, et al. 

McPHERSON AND HEN- 
DERSON 

RoBert H. BRADBURY 

CHARLES DULL 


BLANCHARD AND WADE 
EMERY, BOYNTON, AND 


MILLER 


ERNEST L. DINSMORE 


No. of Ex- 
periments 


80 


No. Experi- 


A 


24 


ments Requiring 
Balance, Type 
B € 


Laboratory Manual of Chemistry 
in the Home 

‘xperiments in the Chemistry of 
Common Things 

vaboratory Manual and Note- 
book to Accompany Beginning 
Chemistry and Its Uses 


HENRY T. WEED 
BROWNLEE, et al. 


IRWIN, RIVETT, AND 
TATLOCK 


saboratory Exercises for Essen- 
tials of Chemistry 

‘xperiments and Laboratory Ex- 
ercises for Chemistry in Every- 
day Life 

‘xperiments for General Chem- 
istry 

xercises in Everyday Chemistry 


HESSLER AND SMITH 


CHARLES G. Cook 174 22 


LyMAN C. NEWELL 244 36 
ALFRED VIVIAN 391 18 1 


Total 1900. _467 51 53 


It is interesting and significant to note that not a single exercise, among 
ie 1900 contained in these fifteen popular high-school chemistry labora- 
ry manuals, required the use of an analytical balance in any way. The 
sensitiveness needed in the various weighings at no time exceeded the 
snsitiveness afforded by an accurate uncovered balance of type “C’’, 
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which can be purchased for an amount not exceeding $40.00, at most, anc 
probably $25.00. It is also evident that every laboratory should be pro 
vided with Harvard platform balances, the number to be determined b 
the size of the class. A class of ten students probably should be supplie: 
with two such balances, with one balance added for every ten additiona 
students, since this type of balance is required more than eight times a 
often as either of the other twotypes. In addition, every laboratory shoul! 
be equipped with at least one of each type of balance ““B” and “C,”’ the 
horn pan, and Troemner, respectively. This will usually be found to be 
sufficient for classes of at least thirty students, both because of the in- 
frequent use of these balances, and from the fact that balance ‘‘C’”’ may be 
substituted in weighings ordinarily requiring balance ‘‘B.” 

This study seems to reveal little if any justification for the purchase 
of expensive analytical balances for high-school student use if the courses 
offered are to be based upon any of these fifteen typical high-school chem- 
istry laboratory manuals. If such balances are ordered it probably would 
be essentially for greater convenience, for use by instructor or students in 
advanced work, or for private experimental or research work on the part 
of some instructor in the department. 


Soap a Silent Ally of Preventive Medicine. Plain white soap efficiently kills 
germs causing such diseases as pneumonia, diphtheria, and meningitis, according to 
Albert S. Richardson, Ph.D. ‘‘The purest and mildest form of soap, such as white 
floating soap, is roughly five to ten times as germicidal as carbolic acid toward many 
organisms,” Dr. Richardson states. 

The germ of pneumonia is one of the most susceptible to the action of soap, accord- 
ing to Dr. Richardson’s interpretation of experimental work on the subject. The 
meningitis microbe is also easily killed with soap, and likewise streptococcus, the ever- 
present germ causing festering of cuts and bruises. 

Another group of diseases toward which soap, though not a powerful germicide, is 
still distinctly antiseptic, includes dysentery, typhoid and paratyphoid, and Asiatic 
cholera. 

“Germicidal action is favored by a profuse lather in washing the hands or body, 
and by a generous fine-bubbled suds in laundry washing,”’ says Dr. Richardson. ‘Good 
lather is not likely to be obtained in ordinary hand washing with a concentration of less 
than three per cent soap, the average being higher. Such concentrations are sufficient 
to destroy the more susceptible pathogenic organisms with great speed.”’ 

Dr. Richardson points out that “‘it is important above all to select a soap which has 
been found by experience to be efficient in cleansing and mild in action on the skin,’’ and 
expresses a personal preference for a pure white soap. An abundant creamy lather, 
used in warm water, should be used for the greatest germ-killing power, he declares. 

“Impartial investigation will convince any group of the medical profession that 
soap in general has long been a powerful, silent ally of preventive medicine,’”’ he con- 
tinues. ‘An intelligent understanding of the merits and limitations of soap as a germi- 
cide will increase its service to health in the future.”—Chem. Div., Procter & Gamble 


Co., Cincinnati, Ohio 





EQUATION TESTING IN HIGH SCHOOLS 
LEONARD J. FLIEDNER, GEORGE WASHINGTON HIGH ScHOoL, New York City 


In the teaching of equations at George Washington High School we have 
encountered the usual difficulties of high-school teachers. After having 
taught a topic in chemistry including the equations for the reactions in- 
volved we found that the pupils did not study them. The necessary 
testing of their ability to write the equations in the usual manner consumed 
considerable time in the class and after class for the teacher. 

It occurred to the author that a device for testing equations that would 
take but a few minutes of the period, could be readily checked, and was 
flexible enough to permit repetition on especially difficult groups of equa- 
tions, was desirable. A list of typicalequations was made. These covered 
the work of the year and followed the order of the textbook. They were 
divided into thirty-six groups of five equations each. Mimeographed 
forms were prepared as illustrated. 


(32) Equations 


ZnCl, + NaOH ——> 

Hgs + O. —~> 

HgO (heated) —~> 

Cu + HgNO; —> 

Hg + HNO; —> MGGROR DRS 55). cn eer 


The tests are usually given at the beginning of the period. About five 
minutes are allowed for the pupils to complete them. The papers are 
then exchanged. The name of the pupil is written at the bottom of the 
paper he is rating. A pupil is called to read each of the five equations. 
The teacher writes the correct equation on the blackboard as it is read. 
Incorrect equations on the papers are marked with an X. The rating 
is placed in the space provided for it. The papers are returned to the 
owners who compare their work with the equations on the blackboard. 
The papers are then collected and the ratings recorded by the teacher after 
class. Later they are returned to the pupils for correction and preservation 
in their notebooks. 

The whole procedure takes about twelve minutes. Since the groups of 
equations follow the text it is possible to check on the pupils’ knowledge + 
of the reactions that are being discussed in connection with any topic of 
the term’s work. Difficult equations which require repeated drill and test- 
ing may be readily handled by a repetition of the described procedure. 

The knowledge on the part of the pupils that they are to be carefully 
checked on their ability to write equations has stimulated their interest 
and attention and has improved their ability to use this most important 
chemical shorthand. The tests have been used for several terms by 
all members of the department who have expressed great satisfaction with 


the results obtained. 
939 





A REACTION VELOCITY EXPERIMENT 
Jack. P. MONTGOMERY, UNIVERSITY OF ALABAMA, UNIVERSITY, ALABAMA 


The inversion of cane sugar has long been a favorite reaction for the 
measurements of constants of reaction velocity. When cane sugar is dis- 
solved in water, containing a small amount of free acid, it is slowly hydro- 
lyzed into glucose and fructose. The progress of the reaction is usually 
followed by means of the polarimeter. 

Since the specific gravity of the solution changes during the inversion, 
the progress of the reaction can be readily followed by the use of an ordinary 
Westphal balance. This procedure may be of value in a laboratory where 
a polarimeter is not readily available or when a variation of method is de- 
sirable. 

One hundred grams cane sugar were dissolved in 150 cc. water at 20°C. 
Five cc. sulfuric acid were added and, after mixing, the temperature of 
the solution was quickly adjusted to 25°, which was the temperature 
throughout the experiment. By means of the Westphal balance the specific 
gravity of the solution was observed at intervals, as shown by the following 
table: 

Minutes Sp. Gr. Change k 
0 . 1970 
60 . 2000 0.0045 0.00222 
80 . 2025 0.0055 0.00213 
170 . 2070 0.0100 0.00225 
200 . 2075 0.0105 0.00207 
250 . 2090 0.0120 0.00212 
300 .2100 0.0130 0.00208 
Final .2140 0.0170 


ee a ee 


Applying the well-known formula, 


1 a 
os 


for unimolecular reactions it is obvious that a is 0.017 and that x in each 
step is to be found in the third column, ‘‘Change,”’ inits respective line. The 
values of k in the fourth column were worked out by application of the 
formula to the data from the table. 


Definition of Edible Gelatin. Edible gelatin is a hard, tasteless, odorless substance 
which is almost white when dry and transparent or translucent in solution. 

Gelatin is a protein food of high nutritive value. It is extracted by heat from the 
bones, white connective tissue, and skins of food animals. 

The chief distinguishing characteristic of gelatin is its ability to form a jelly after 
being dissolved in hot water and allowed to stand. Other characteristics are: (1) it is 
a colloid and, therefore, tends to prevent the growth of crystals in any medium in which 
it is present; (2) it is an emulsifier and helps to hold in union two liquids that would 
otherwise separate; (3) it aids in the digestion of other foods. 

The chief uses of gelatin are in desserts, ice cream, marshmallows, and jellied 
meats.— Edible Gelatin Manufacturers’ Research Society of America, Inc. 
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A STUDENT EXPERIMENT ON THE OLEFINE HYDROCARBONS: 
THE INTERCONVERSION OF ETHYLDIMETHYLCARBINOL AND 
AMYLENE; THE POLYMERIZATION OF AMYLENE 


W. M. L&E, SHARPLES SOLVENTS CORPORATION, AND E. C. WAGNER, UNIVERSITY OF 
PENNSYLVANIA, PHILADELPHIA, PENNSYLVANIA 


The experiment described includes (1) dehydration of tertiary amyl alcohol 
io amylene, (2) polymerization of amylene, both indefinitely and to diamylene, 
and (3) hydration of amylene to tertiary amyl alcohol. All three reactions 
are induced by sulfuric acid of suitable concentrations and at suitable tempera- 
tures, the experiment affording the student an illustration of the influence of 
conditions in determining the course of a reaction. The reactions involved 
are all of both theoretical and technical importance. Certain of the results are 
significant with respect to the mechanism of hydration and polymerization of 
olefines, these points being briefly discussed. Intrinsically and through the 
extension possible by laboratory quizzing, the experiment possesses great 
teaching value. 


The exercise described below illustrates in a simple and striking way three 
important general reactions: (1) formation of olefines from alcohols by 
dehydration, (2) formation of alcohols from olefines by hydration, and 
(3) polymerization of olefines. The starting material is tertiary amyl 
alcohol (ethyldimethylcarbinol), now readily obtainable as a product 


derived from the pentanes.* 

An interesting feature of the experiment is the fact that all three re- 
actions are produced by action of a single chemical, v7z., sulfuric acid of 
properly selected concentrations and at favorable temperatures, thus 
illustrating the influence of conditions in determining the course of a 
reaction. 

The chemical basis of the experiment, and of the brief discussion which 
follows, is to be found largely in papers by Brooks and Humphreys (3) 
and Norris and Joubert (4). 

Like other tertiary alcohols, ethyldimethylcarbinol is very easily de- 
hydrated to olefine, in this case by merely warming with 50% sulfuric 
acid; in the cold the reaction is reversible. Polymerization of the amylene 
obtained occurs actively and almost instantly by contact with concentrated 
sulfuric acid, and unless a very small amount of acid is used the product 
is an indefinite mixture of polyamylenes boiling from about 150° to over 
300°, and containing usually but little diamylene (b. p. 155°). Hydration 
to tertiary amyl] alcohol, and polymerization to diamylene, are effected by 
initially dissolving amylene in cold 68-73% sulfuric acid. The solution 
contains tertiary amyl alcohol, which can be isolated by saturation of the 

* Tertiary amyl alcohol (as well as 5 other amyl alcohols) can be obtained from the 
Sharples Solvents Corporation, Philadelphia. For technical preparation of these alco- 
hols from the pentanes, see AYRES (1) and CLARK (2). 
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liquid with ammonium sulfate (the alcohol separates as an upper layer), 
or by dilution and extraction with ether. If, however, the acid solution 
is warmed, diamylene separates as an upper laver. The selective conver- 
sion of amylene (2-methylbutene-2) to diamylene or to tertiary amyl alco- 
hol is therefore determined by a moderate temperature difference. There 
is no evidence here that the amyl hydrogen sulfate is intermediate in 
polymerization or hydration of the olefine. On the contrary it appears 
that the hydration involves direct addjtion of the elements of water at the 
double bond, probably due to the influence of the acid present, and that 
by warming the solution the alcohol is dehydrated in such way as to 
couple two molecules of amylene: 


+ H,0 CH; 
Ne: ee -. 
(H.SO,) CH 


CH:2-CHs; 


CH; OH 
CH, 
= CHy, CH; 
CHSC. JOH Hit (a —— =. 7 
ca. CH;-CH,/ 


—lon DIAMYLENE: ‘isi, 
H;C CH; TETRAMETHYLHEXENE-2 


Norris and Joubert obtained indications of a similar mechanism for the 
polymerization of three other amylenes by somewhat diluted sulfuric 


acid. For such cases “the accepted explanation of the polymerization, 
namely, that it consists of the condensation of the alkyl sulfuric acid and 
the unsaturated hydrocarbon, does not appear to be correct, . . . . because 
these hydrocarbons can be made to pass completely into solution as the 
alcohol or acid ester before polymerization begins’ (4). The older 
explanation, however, appears to be more reasonable for polymerization 
by concentrated sulfuric acid, for in this case the small amount of water 
present and the high concentration of the acid favor formation of alkyl 
hydrogen sulfate but not of alcohol. 

It should be made clear to students that, while the reactions illustrated 
in the experiment are ‘‘general’’ for alcohols and olefines, the degrees of 
readiness with which they occur depend in large part upon the structures 
and molecular weights of the compounds. The dehydration of alcohol to 
olefine is relatively easy with tertiary alcohols (5), and less so with secon- 
dary and primary. Conversely the reactivity of olefines with sulfuric 
acid is greatest with those of relatively complicated structure and less 
with those of normal structure. In the experiment here described, if n- 
primary amyl alcohol were used as the starting material, the dehydration 
to pentene-1, the polymerization of this, and also its hydration to alcohol, 
would all require more severe conditions, e. g., stronger sulfuric acid or 
higher temperatures. With tertiary amyl alcohol, however, these reac- 
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tions all occur with exceptional ease and smoothness, which fact has deter- 
mined the choice of this alcohol for the experiment. 


Procedures 


A—Amylene from Ethyldimethylcarbinol. Ina 200-cc. flask mix 50 g. 
of ethyldimethylcarbinol and 50 cc. of 50% sulfuric acid ( a cooled mixture 
of 20 cc. of 1.835 acid and 35 cc. of water). Attach a short fractionation 
column,* and to it a water-jacket condenser with adapter. Use as re- 
ceiver a tared flask externally cooled. Heat the mixture gently until 
distillation of amylene begins, and then regulate the flame so that the prod- 
uct collects at a rate of 60-90 drops per minute and the temperature re- 
mains below 40°. When distillation can no longer be maintained below 
this temperature withdraw the heat. The product, boiling mostly 37° 
to 39°, is fairly pure amylene. A little water is present, and may separate 
in drops on standing, but it does not interfere with subsequent use of the 
amylene. The yield is 85% or more. Keep the amylene in the tightly 
stoppered flask in a cool place. Test portions (1 or 2 drops) for unsatura- 
tion by bromine in carbon tetrachloride, permanganate, fuming sul- 
furic acid, fuming nitric acid, and Deniges’ acid mercuric sulfate reagent. 

B—Polymerization of Amylene. (1) Extensive Polymerization with 
Concentrated Sulfuric Acid. Measure into a small (60 cc.) separatory 
funnel 5 cc. (3.3 g.) of amylene, and cool well under the tap. Add 0.5 cc. 
of concentrated sulfuric acid, quickly stopper the funnel, and cool well. 
Alternately shake and then cool the mixture, relieving the pressure oc- 
casionally. After several shakings the polymerization may be considered 
complete. Note that the characteristic odor of amylene is now absent. 
Allow the mixture to stand for about 10 minutes, and draw off and discard 
the lower acid layer. Wash the oily layer with dilute sodium hydroxide 
solution and then with saturated salt solution (water forms a stubborn 
emulsion), and dry in the funnel with several lumps of calcium chloride. 
Decant the dried liquid into a small (10 cc.) side-arm flask, and distil, 
noting the full boiling range. The product usually starts to boil around 
150°, indicating the presence of some diamylene, but the temperature 
rises steadily, and the last distillable portion may boil above 300°. The 
yield is about 2 g. (60%). Test a drop of the product with bromine in 
carbon tetrachloride. 

(2) Formation of Diamylene.** In a small stoppered flask shake to- 
gether, with cooling, 5 cc. of amylene and 4 cc. of 73% sulfuric acid (a cooled 
mixture of 2 volumes of 1.835 acid and 1 volume of water), until a homo- 


* A 3-ball Snyder column is recommended for this distillation and for that in Part C. 
** The preparation of diamylene from 37-39 ° amylene, by a procedure almost iden- 
tical with that used by Norris and Joubert, and described here, was effected in 1871 by 


Schneider (6). 
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geneous liquid results. The odor of ethyldimethylcarbinol replaces that 
of amylene. With the flask unstoppered warm the liquid gently until the 
upper layer which separates no longer increases. Transfer the contents 
of the flask to a small (60 cc.) separatory funnel, and draw off and discard 
the lower acid layer. Wash the oily liquid with dilute sodium hydroxide 
solution, then with water, and dry in the funnel with several lumps of 
calcium chloride. Decant the liquid into a small side-arm flask and distil, 
collecting a 10° fraction. Most of the product should distil 155-158° un- 
corrected, and is apparently in large part the diamylene 2,3,4,4-tetra- 
methylhexene-2 (b. p. 155°). The yield is about 70%. Test a drop with 
bromine in carbon tetrachloride. ; 

C—Hydration of Amylene to Tertiary Amyl Alcohol (Reverse of A). 
Transfer to a separatory funnel 20 g. of amylene and 25 cc. of cold 68% 
sulfuric acid (1 volume of 1.835 acid and 0.7 volume of water*). Shake 
the stoppered funnel, cooling well under the tap, and occasionally reliev- 
ing the pressure. Do not allow the mixture to become warm. The amylene 
dissolves to a clear liquid. Add about 50 cc. of water, and (ignoring the 
stratification which occurs) extract three times with ether, using in all about 
50 ce. of ether. Shake the combined ether extracts with saturated salt 
solution, and run the ether solution into a small dry Erlenmeyer flask. 
Dry over night with lump potassium carbonate (anhydrous), decant the 
liquid into a second dry flask, and repeat the potassium carbonate treat- 
ment. Filter the liquid through cotton into a small short-neck flask, add 
several small pieces of hard coal or brick, and attach a short fractionating 
column. 

Distil off most of the ether on a water-bath, and then seat the flask on a 
perforated asbestos board and distil fractionally. Collect fractions as 
follows: (1) up to 70°, which may be discarded, (2) 70-95°, (3) 95-100°, 
(4) 100-104°, the last ina tared bottle. If fractions 2 and 3 are sufficiently 
large, redistil them. The final yield of alcohol, boiling 100-104°, should 
be about 17.5 g. (70%). If considerable liquid boils between 87° and 100°, 
even after redistillation, this shows the alcohol to have been incompletely 
dried.** 

D—Purification of Amylene. Any remaining amylene may be washed 
with dilute caustic soda solution, then with water, dried over calcium 
chloride, and distilled from a small flask. A sealing-bottle of suitable size 
may be used as receiver. It should be cooled in water, and connected 
with the condenser by means of an extemporized capillary adapter. Theliq- 
uid boils within a rangeof 2°,and most of it between37-38°. It is apparently 
2-methylbutene-2, b. p. 38.4°. The other amylene derivable fro m ethyl- 

* This acid : water ratio is essential for, except when the tap-water is very cold, a 


stronger acid leads directly to polymerization. 
** The constant-boiling mixture contains 22% of water, and boils at 87.2°. 
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dimethylcarbinol (assuming no isomerization) is 2-methylbutene-1, b. p. 
32°. 
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Structural Glass. American architects and engineers have recently shown increas- 
ing interest in a well-known material which has appeared in a new form. Structural 
glass, which has been familiar in the form of small sidewalk lights and roof lights, is now 
available in standard structural shapes: bricks, hollow tile, flat tile, etc. In these 
forms, glass is being considered for use in the construction of outer and inner walls, 
partitions, floors, and roof lights in steel and concrete frame buildings. 

Several industrial projects in the United States are reported as being planned with 
glass walls. One of the most notable of these, for a midwestern city, will be of continu- 
ous beam construction with walls entirely of glass and wide overhanging cornices to 
eliminate any danger of glare. Panels of glass brick have been used in the tower of a 
New York City apartment building. In Europe, several extensive projects, including 
an airplane hangar and a railroad station, have been carried out in structural glass. 

Aside from the fact that glass is now available in structural shapes, the more intensive 
interest shown by the construction industry may be traced to the increasing importance 
placed upon lighting by architects and investment builders. The translucence of the 
glass walls brightens otherwise poorly lighted areas and proportionately increases the 
usefulness of the building and its appeal to tenants. A great glass building should 
present a striking effect when illuminated from within at night. 

Units have been developed in a variety of shapes and sizes, making glass applicabl¢ 
to many types of construction. Tile is offered for use in the construction of light section 
walls, partitions, floors, roof lights, and windows; hollow block for hollow walls and par- 
titions; and solid brick for walls of solid glass. Ventilating units are framed in metal. 
In addition to the more customary forms, glass offers a structural innovation in a vacuum 
block. Sufficient vacuum is said to be obtained within the block to accomplish some 
heat and sound insulation and to eliminate condensation problems. 

So far as is known, no American manufacturer is now making structural shapes of 
glass. All of this material is imported from Europe, but is said to be readily available 
through agents in this country. Clear glass is the standard material, but colors and 
wired units may be obtained when the quantity warrants.—IJnd. Bull. of Arthur D. 


Little, Inc. 





THE DETECTION OF THE TIN GROUP METALS AND THEIR 
SEPARATION FROM THE COPPER GROUP BY MEANS OF 
AMMONIUM MONOSULFIDE* 


Lro LEHRMAN, COLLEGE OF THE City OF NEw York, New Yorxk City 


The purpose of this work was to investigate the possibility of using am- 
montium monosulfide to detect the presence of the tin group metals when mixed 
with the copper group. Ammonium and sodium polysulfides cannot be used 
because on acidification large amounts of sulfur are precipitated and small 
amounts of the copper group are introduced into the tin group. Ammonium 
monosulfide, however, does not have these disadvantages. 

The action of various ammonium monosulfide solutions on the sulfides of 
the copper and tin group was investigated. The best solution was then tested on 
various mixtures of metallic ions of the copper and tin groups to see if it would 
detect the presence of the latter and also make a separation of the two groups. 


Introduction 


Ammonium and sodium polysulfides, the usual reagents for separating 
the sulfides of the copper group from those of the tin group, have some 
serious defects. On acidification to precipitate the tin group sulfides, 
a large amount of sulfur is also thrown down. This sulfur often masks the 
tin group sulfides especially when only a small amount is present. Am- 
monium polysulfide has the further disadvantage of dissolving small 
amounts of mercuric and cupric sulfides (1) which would appear on acidifi- 
cation of the reagent and erroneously indicate the presence of metals of the 
tin group. Sodium polysulfide has another drawback in that it dissolves 
small amounts of copper and bismuth sulfides and does not dissolve all 
the mercuric sulfide (2). 

Ammonium monosulfide has not been used since it only partially dis- 
solves the sulfides of trivalent antimony and divalent tin, although it com- 
pletely takes into solution both sulfides of arsenic as well as those of anti- 
mony and tin in their higher state of oxidation. It has the advantage of 
not yielding a precipitate of sulfur on acidification and of not dissolving 
any of the copper group sulfides. 

The ideal reagent would be one which would completely dissolve the 
sulfides of the tin group and none of the sulfides of the copper group and on 
acidification only precipitate the tin group sulfides. The fact that ammo- 
nium monosulfide has more of the characteristics of the ideal reagent than 
the other two suggested the possibility of its use. 

The first step in this investigation consisted in the preparation of various 
ammonium monosulfide solutions. In order to find the oue most suitable 
for the separation of the two groups, their action was tested on some of the 

* The author wishes to express his thanks to Professor L. J. Curtman of the College 
of the City of New York for his valuable suggestions. 
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ndividual sulfides of the metals of the copper and tin groups. The reagent 
‘elected was now tested on solutions of varying mixtures of the metal ions of 
he copper and tin groups to determine not only its effectiveness in separat- 
ng them but also in detecting the presence of the tin group. 


Experimental 


Preparation of Ammonium Monosulfide Solutions and Their Action on 
ihe Individual Sulfides of the Copper and Tin Groups. The sulfides of 
uercury, lead, copper, arsenic (Ast++), antimony (Sbt*+*), and tin 
Snt+) were separately made by taking a calculated quantity of a salt 
f each metal, dissolving and completely precipitating with H:S. The 
precipitates were washed with 5% NH,NO; solution through which HS 
nad been passed and then suspended in a known volume of water giving 
i definite amount of the metal as its sulfide. For each experiment 20 cc. 
of the well-shaken mixture (equal to 200 mg. of metal as its sulfide) were 
iiltered by centrifuging. 

Different ammonium monosulfide solutions were made by bubbling a 
rapid stream of H2S through 10 cc. of concentrated NH,OH for varying 
periods of time (5 sec., 10 sec., 15 sec., 30 sec., 1 min., 2 min., 3 min.). 
The NH,OH was contained in an ordinary 20 X 150-mm. pyrex test tube* 
and the H2S was delivered through a piece of standard wall glass tubing 
(°/10” outside diameter) * reaching to the bottom of the liquid. 

These various solutions (10 cc.) were now added to the sulfides (200 
mg. of metal as its sulfide) prepared above and the well-stirred mixture 
kept at 60° for 5 minutes, filtered, and the filtrate carefully acidified with 
dilute (3 N) HCl (3). The color of the filtrate and precipitate, after 
acidification, was noted. If any precipitate had been obtained it was 
analyzed for the particular metal, the sulfide of which had been used. 
Table I gives the results of these experiments. 


TABLE I 


The Action of Various Ammonium Monosulfide Solutions on Some Copper and Tin 
Group Sulfides 


Sulfide Color of Result of Acidifying Test for Metal Ion in 
Used Filtrate Filtrate Precipitate, if Any 


HgsS Colorless Gray turbidity 

PbS Light yellow Slight white turbidity 

CuS Greenish yellow White turbidity 

As2Ss3 Colorless Yellow ppt. + As 
Sb2S; Very light reddish brown Reddish brown ppt. + Sb 
SnS Light yellow Yellow ppt. + Sn 


In the experiments using HgS, PbS, and CuS, none of the sulfide ap- 
parently dissolved. The turbid solutions obtained using HgS and CuS 


* This glassware is the usual kind supplied to students. 
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were allowed to stand several hours until they cleared. The former de- 
posited small amounts of a black precipitate while from the latter slightly 
larger quantities of light brown solid separated. The amount of precipi- 
tate obtained in both cases increased as the duration of time of passage 
of H2S into the NH,OH increased. In the experiments employing As,S; 
the sulfide completely dissolved in every ammonium monosulfide solution 
used. When the ammonium monosulfide solutions were added to the 
SbeS; and SnS there was no apparent solution though the Sb2S; changed toa 
reddish brown color. The amount of precipitate obtained on acidifying 
the filtrate from the Sb2S; and SnS experiments was greater with solutions 
of ammonium monosulfide which had H2S passed in for a longer time. 

As a blank test the action of concentrated NH,OH on the sulfides was 
investigated. It had no effects on HgS, PbS or CuS; it completely dis- 
solved the As2S; being reprecipitated on acidification; it apparently had no 
effect on Sb2S; and SnS though it was necessary to filter the latter mixture 
several times in order to get a clear solution; on acidification of the fil- 
trates from the Sb.S; and SnS experiments, a small amount of precipitate 
was obtained in both cases, orange in the former and yellow colored in the 
latter case. 

The above experiments show that it would be necessary to pass HeS into 
the NH,OH for longer periods of time if one sought to dissolve more of the 
Sb2S; and SnS. But this is undesirable as more HgS and CuS are carried 
through into the tin group. Therefore it was necessary to select such a 
solution which would dissolve appreciable amounts of Sb2S; and SnS and 
yet not carry much HgS and CuS with it. The solution which fulfilled 
these conditions best was the one made by passing H2S for 15 seconds 
through the concentrated NH,OH. 

Action of Ammonium Monosulfide (HS for 15 Sec.) in Separating the 
Copper and Tin Groups and Detecting the Latter. Solutions containing 
known quantities of the metals of the copper and tin groups were prepared, 
completely precipitated with H2S, washed with 5% NH,NO; solution 
containing HS, and then treated with the ammonium monosulfide solu- 
tion for 5 minutes and filtered. Since experiments in which the mixture 
was kept at room temperature as compared with those at 60° gave similar 
results, the warming was omitted in making the separation. 

The filtrate was acidified and if any precipitate formed it was analyzed 
for the metals of the tin group. The results of these experiments are given 
in Table II. 

From the results above it can be seen that 5 mg. of Ast*+* or Sbtt* can 
be detected in the presence of 100 mg. each of the metals of the coppe: 
group. If copper is absent 5 mg. of Sn** can also be detected but in the 
presence of 100 mg. of Cu*+t, 10 mg. Snt+* will give a positive test 
The procedure was repeated with solution 10 only using ammonium 
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TABLE II 


Ammonium Monosulfide (H2S for 15 Sec.) as a Reagent in Separating the Copper 
Group from the Tin Group 


100 Mg. of Each Metal 
Indicated as Sulfide Plus 


Hg, Pb, Bi, Cu, Cd, Ast*++ 100 mg. 
Hg, Pb, Bi, Cu, Cd, As++* 10 mg. 
Hg, Pb, Bi, Cu, Cd, Ast*++ 5 mg. 
Hg, Pb, Bi, Cu, Cd, Sb+*++ 100 mg. 
Hg, Pb, Bi, Cu, Cd, Sb*+++ 10 mg. 
Hg, Pb, Bi, Cu, Cd, Sb+*++ 5 mg. 
Pb, Bi, Cd, Sb+++ 5 mg. 

Pb, Bi, Cu, Cd, Sn**. 

Pb, Bi, Cu, Cd, Sn*++ 10 mg. 

Pb, Bi, Cu, Cd, Sn*+* 5 mg. 

Pb, Bi, Cd, Sn*++ 5 mg. 


WNBA we 


Result of Metal Ions 
Acidifying Ammo- of Tin Group 
nium Monosulfide Filtrate Detected in Ppt. 
Dirty yellow ppt. 
Yellowish brown ppt. 
Light brown ppt. 
Orange red ppt. 
Brown ppt. 
Brown ppt. 
Light orange ppt. 
Dirty yellow ppt. 
Brown ppt. 
Brown ppt. 
Light brown ppt. 


Pb, Bi, Cu, Cd, Ast+*+ 5 mg., Sbt+t+ 5 
mg., Snt+ 5 mg. 

Pb, Bi, Cu, Cd, Astt* 5 mg., Sbttt 5 
mg., Sn*+* 10 mg. 

Pb, Bi, Cd, Ast++ 5 mg., Sbt++ 5 mg., 
Sn*+* 5 mg. 

Pb, Bi, Cu, Cd, Ast ++ 200 mg., Sbtt++ 5 
mg., Snt*+ 10 mg. 

Pb, Bi, Cu, Cd, Ast++ 5 mg., Sb*++* 200 
mg., Sn+* 10 mg. 

Pb, Bi, Cu, Cd, Ast** 5 mg., Sbttt 5 
mg., Sn*+* 200 mg. 

Hg, Pb, Bi, Cu, Cd. 


Brown ppt. As, Sb 


Brown ppt. As, Sb, Sn 


Brown ppt. As, Sb, Sn 


Yellow ppt. As, Sb, Sn 


Orange ppt. As, Sb, Sn 


Yellowish brown ppt. As, Sb, Sn 


Very small amount of 
brown ppt. None 


polysulfide instead of the monosulfide and a negative test was also ob- 
tained for Snt*. It was noticed that if any Cut+ was present when 
reducing the tin solution with an iron nail (3) it was necessary to con- 
tinue the reduction until the solution had become colorless. In all ex- 
periments in which Sn*++ was used the proper amount of solid SnCk.- 
2H2O was used in order to be sure the tin was present in the stannous 
condition. The amount of precipitate obtained on acidifying the filtrate 
from the experiment using solution 18 was very much smaller than that 
in any of the experiments where only 5 mg. of a tin group metal was pres- 
ent. Thus when no precipitate or only a slight amount is obtained on 
acidifying the ammonium monosulfide filtrate the absence of the tin group 
can be inferred. 

It was necessary to determine whether or not the presence of tin group 
sulfides undissolved by the ammonium monosulfide would give tests 
for copper group metals or interfere with their detection. A number of 
solutions of known composition were made and the above procedure re- 





950 JOURNAL OF CHEMICAL EDUCATION May, 1931 


peated with the addition of testing the residue from the ammonium mono- 
sulfide treatment for the copper group metals (4). 
Table III gives the results of these experiments. 


TABLE III 


Copper Group Metals Tin Group Metals 
Composition of the Soluti Found in Residue Found in Filtrate 


. Ast** 150 mg., Sb*+*+* 150 mg., Sn**+ 150 

mg. None As, Sb, Sn 
. Pb 100 mg., Bi 100 mg., Cu 100 mg., Cd 100 

mg., Ast++ 150 mg., Sb*+t+ 150 mg., 

Sn*+t 150 mg. Pb, Bi, Cu, Cd As, Sb, Sn 
. Hg 100 mg., Pb 100 mg., Bi 100 mg., Cu 

100 mg., Cd 100 mg., Ast+* 250 mg., 

Sbt+*+ 250 mg. Hg, Pb, Bi, Cu, Cd As. Sb 
. Pb 5 mg., Bi 5 mg., Cu 5 mg., Cd 5 mg., 

Ast* 150 mg., Sb*+t+* 150 mg., Snt++* 

150 mg. Pb, Bi, Cu, Cd As, Sb, Sn 
. Hg 5mg., Pb 5 mg., Bi 5 mg., Cu 5 mg., Cd 

5 mg., Ast++ 250 mg., Sb*+*+* 250 mg. Hg, Pb, Bi, Cu, Cd As, Sb 





The results above show the following facts: tin group sulfides do not 
give tests for any of the copper group metals; when tin group sulfides 
are present in the copper group sulfides they do not interfere with the de- 
tection of the copper group metals; 5 mg. of the copper group metals 


can be detected in the presence of 150 mg. each of Ast+*, Sbt*+*, and Sn**, 
or 250 mg. each of As+*++ and Sb*** in the original solution. 


Summary 

1. The action of various ammonium monosulfide solutions on each of 
the sulfides of the copper and tin groups was determined. 

2. The best ammonium monosulfide solution for the separation of the 
copper and tin groups and the detection of the latter was selected and its 
use tested. 

3. By means of this solution the presence or absence of the tin group 
can be established. 

4. Using this solution for the separation of the copper from the tin 
group, 5 mg. of Ast*+* and Sb*++ and, omitting Hg*+, 10 mg. of Sn*+t 
can be detected in the presence of 100 mg. of each of the copper group 
metals. If Cut* is also absent then 5 mg. of Sn** will give a positive 
result. 

5. Tin group metals neither give confirmatory tests for the copper 
group metals nor do they interfere with their detection. 
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Something New in Varnishes. The varnish industry is in a period of radical 
readjustment. Methods and products which have stood the test of centuries are giving 
way before the synthetic creations of the laboratories. Although the art of the varnish 
maker is an ancient one, the basic raw materials at his disposal have, until recently, 
been confined to the gums and resins which occur in nature. 

The first major departure from traditional practice, and one which profoundly 
affected the industry as a whole, resulted from the development of low-viscosity nitro- 
cellulose lacquers, the use of which expanded with extraordinary rapidity. Now the 
industry must adjust itself to the situation created by the advent of several types of new 
synthetic resins. 

One of the most interesting and important of these is a synthetic phenol resin which 
should not be confused with the other and older phenol resins used primarily in molding 
compounds and which are heat reactive, that is, which react on heating to become in- 
fusible and insoluble. 

The new material is called by its makers “oil reactive’’ resin to distinguish it from 
other synthetic ‘‘oil-soluble” resins and from natural gums and ester gums. Ordinary 
phenol resins are not soluble in the drying oils unless other materials such as rosin are 
added to promote solubility. The new “oil reactive” resin is easily soluble in China- 
wood oil in any desired proportion. But of greater technical interest is the claim that 
there is a chemical reaction between the resin and the oil which may account for the 
accelerated hardening of the resin-oil mixture. This resin is, therefore, very different 
from the ordinary natural varnish gums, and, as might be expected, the quality of the coat- 
ings obtained with this new resin in oil is superior to the tung-oil-gum varnishes hitherto 
available. Flexibility, rapidity of drying, durability, toughness, resistance to moisture, 
and alkalies, all of which are fundamental and desirable requisites of a varnish, are 
reported greatly improved by the use of the ‘‘oil reactive’ resin. Because of the acceler- 
ated drying effect on the oil, only a fraction of the usual amount of metallic drier is 
required with the result that the usual tendency of a varnish to continue to oxidize 
destructively is greatly reduced. 

The “oil reactive’ resin may be used alone or mixed with other varnish gums. 
The addition of only 10% of the oil reactive resin to an ester gum varnish reduces the 
drying time from over seven hours to about three. 

Another synthetic coating has for its basis the synthetic resin known commercially 
as Glyptal, which, rather curiously, is derived from glycerin and phthalic anhydride. 
The physical properties of resins of this type may vary widely from hard, brittle resins 
to extremely flexible resins, depending on their composition. 

Coatings containing this resin are particularly useful for covering surfaces that are 
ordinarily difficult to coat, such as galvanized iron and aluminum. The Glyptal var- 
nish films are extraordinarily tough and adhesive. This adhesiveness, together with 
ability to withstand high temperatures, makes them ideal for use on furnace stacks, 
electric furnace parts, engines, and boilers. These varnishes are also excellent as a seal 
against water, gas, and oil leaks and find extensive application as lacquer primers.—Jnd, 
Bull. of Arthur D, Little, Inc. 





CONSTRUCTION AND OPERATION OF A SIMPLE X-RAY 
SPECTROGRAPH 


LyMAN J. Woop, St. Louris UNIvERsity, St. Louis, Missouri 


A simple X-ray spectrograph has been constructed with the aid of a few 
simple tools from easily available materials. The principal parts of the ap- 
paratus are (1) a lead box inclosing the X-ray tube and protecting the operator 
from exposure to X-rays, (2) a molybdenum target Coolidge X-ray tube, (3) 
a source of high-voltage current for operating the X-ray tube, (4) a film holder 
consisting of a cassette and brass springs for holding the film, and a lead septum 
making possible the taking of two pictures on the same film. Some data ob- 
tained for rock salt are given and the method of interpreting such data is briefly 


described. 


In recent years the importance of the X-ray spectrograph has increased 
greatly and numerous forms of this valuable research tool have appeared 
on the market. However, the laboratories of many educational institutions 
are without this piece of apparatus because of its high cost. In the de- 
scription which follows, a method is given for the construction of a simple 
X-ray spectrograph at a fraction of the usual cost of such equipment. 
This home-made equipment requires a long time for exposure and does not 
provide for the taking of a large number of photographs at one time, but 
its accuracy compares surprisingly well with factory-made equipment re- 
cently installed in the author’s laboratory. 

Use is made of the “‘powder’” method, in the case of which a beam of 
monochromatic X-rays is passed through the sample which has been re- 
duced to a fine powder. The sample is placed at the center of an arc around 
which a strip of photographic film is placed. The monochromatic X-rays 
are produced by operating a molybdenum target Coolidge tube at 30,000 
volts and filtering the rays through a zirconia filter. The rays used are the 
Mo a doublet and the average wave-length is 0.710 A. U. (a; = 0.708 and 
the az = 0.712). The mathematical equations involved are 


nm = 2dsin@ and 6= KL 


where u is the order number of the diffracted beam, \ the wave-length of 
the X-ray, d the distance between atom planes in the crystal 4 the angle 
of incidence with the crystal face, and L the distance of a line on the photo- 
graphic film resulting from a diffracted beam to the line caused by the undif- 
fracted beam. For any further discussion of the theory of X-ray crystal 
analysis the reader must be referred to any one of a number of excellent 
books published within the last few years (1). 

The elementary student is especially referred to a series of papers re- 
cently published in the JouRNAL OF CHEMICAL EpucaTION (2) 

In the description that follows suggestions were taken from several early 
workers in the field (3). Little originality is claimed except in s~ far as the 

952 
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pparatus was constructed largely without the aid of an expert mechanician, 

only a few simple tools such as are usually to be found in any laboratory 
eing used. A cross-section diagram of the X-ray spectrograph is shown 
i Figure 1A. The following order of making and fitting the various parts 
gether is recommended. 

1. Construction of lead box and brass cover plate (Figures 1A and 1B, 
art K). 

2. Construction of slit system and fixing of same to brass cover plate 

Figure 2). 

3. Construction of X-ray tube supports and fixing of the position of the 
X-ray tube (Figure 1A, part F, 
and Figure 4). 

4. Partial construction and 
fixing of the position of the film 
holder (Figure 1A, part C, and 
Figure 5); construction and ad- 
justment of septum (Figure 6A 
and Figure 6B). 

5. Completion of film holder 
(Figure 5, Figure 6A, and Fig- 
ure 6B). 

6. Wiring of high-voltage 
circuit (Figure 10). 

It was found best to fix each 
part securely in place and to 
fasten the removable parts with 
bolts or screws. The making of 
adjustable parts is likely to be 
beyond the ability of the ama- 
teur mechanician. 
































Construction of Lead Box and . a ‘ ‘s 
IGURE -— CROSS-SECTION IAGRAM OF 
Brass Cover Plate Ras Shecemeenene 
Ts . co. A, X-ray tube; B, slit system; C, film holder; 
The lead box as shown in Fig D, sample tube; EZ, mica windows; F, X-ray 
ure 1A isconstructed from sheet tube clamp and support; G, high-tension leads; 
lead and all seams are welded or J, lead box; J, brass plate. All dimensions 
are in millimeters. 
melted together so that the box 
is in effect one solid piece of lead. The sheet lead used in the construc- 
tion of this apparatus was 7 mm. thick. Although this is probably much 
thicker than necessary for the protection of the operator, it is better to be 
safe than to suffer from X-ray burns. The thick lead has the further ad- 
vantage of making a very rigid, heavy box little affected by jolts and jars. 
:\ piece of sheet lead 350 mm. wide and 1500 mm. long is bent so as to 
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form the bottom and two ends. The corners are made square by hammer- 
ing the lead with a heavy wooden mallet about a square-cornered piece of 
wood. A piece of lead 500 mm. square forms the back of the box. The 
front should be mounted on hinges and should also contain a small lead 
glass window at the proper position for observing the X-ray tube. 

For the purpose of welding the seams together a large soldering iron or a 
small hot flame may be used. It will be found convenient to turn the bos 
so that the seam is in a horizontal position. A piece of transite placed unde: 
the seam will prevent molten lead from dripping through. The surfaces o/ 

the lead to be welded are scraped 

; clean and tallow is used as a flux 

1_ 350 —_—_ Pure lead can be used in place o/ 

: solder or a high lead solder can b« 

' used if desired. Sheet lead can be 

sawed with an old, coarse-toothed 

wood saw without great damage to 
L- U the saw. 

A shallow lead box to cover the 

top of the spectrograph must also 

L be prepared. No drawing of this 

<“~ box is shown but it should be of 

dimensions such that it will rest on 

the supports marked M in Figure 

* 7 1B. It will be convenient to leave 

ol the end of the cover box, which fits 

P pole ence sree nee om eo at over the end of the spectrograph 

marked P, open if this can be accom- 

plished without continually exposing 

FicuRE 1B.—Top VIEW oF X-Ray . 

SpecrnocRAPH the operator to X-rays. With the 

K, brass cover plate; Z, screw holes; M, end of the cover box open it 1s 

wooden cross beam; U, wooden frame. quite easy to insert a belt for ro 

tating the sample and also an oc- 


casional observation can be made through this open end as well as through 
the lead glass window. 

After the lead box has been completed the brass plate shown in Figure 
1B is next located. This plate should be about 5 mm. thick and should 
be fastened to the wooden frame U by means of large screw bolts through 
the holes Z. Since the sides of the lead box will be only approximately 
parallel, the brass plate is located on the wooden frame parallel to some con 
venient wall rather than exactly parallel to either edge of the lead box. 
With the plate in its proper place the location of the holes LZ are marked with 
a center punch and drilled out. Then with the plate again in its prope: 
place with respect to the reference wall, large screw bolts are screwed int« 
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the wooden frame through the 
holes. This part of the work 
is very carefully done in order 
to facilitate the placing of the 
slit system and X-ray tube. 








Construction of Slit System 
and Fixing of the Same to the 
Brass Cover Plate 














A series of three slits is used ' 4 
for the purpose of securing a ’ 
beam of parallel rays and thus — 40— 
the necessity for focusing is FIGURE 2.—LONGITUDINAL AND Cross-S 

a : 2.—L L $-SECTION 
eliminated. The slit system DraGRAM OF SLIT SYSTEM 
is constructed according to the 
diagram shown in Figure 2. The slits themselves may be made of lead 
and the case of brass. The slits used in the author’s laboratory are of 
mm. sheet gold made by brazing the gold on to brass. If it is assumed 
that the slits are to be made of lead, the following procedure may be 
followed. Lead plates 15 mm. wide are soldered at an intermediate 
position (see diagram) and to the two ends of the brass plate which is 
to serve as the bottom. A groove 40 mm. wide is cut in each of the 
three pieces of lead and deep enough so that the bottom edge serves 
as the bottom edge of the slit. By cutting two patterns from heavy-gage 
sheet metal it is possible to cut all three pieces of lead at the same time. 
A coarse file will serve for the cutting and a fine file for making the bevels 
shown in Figure 2. After the grooves have been cut, pieces of lead 40 mm. 
long are fitted into the grooves and adjusted so that the first two slits are 
1 mm. wide and the last one 1.5 mm. wide. These pieces of lead are sold- 
ered into place and the sides and top of the brass case are fastened into their 
places by means of small, flat head bolts. If the side pieces are cut from 
milled brass stock of the proper width, the bottom and top of the case will 


be parallel to within a few hundredths of a millimeter. 
The slit system is now 


————_— fastened to the brass 
cover plate, the wide 
slit being placed away 
from the X-ray tube. 
The top part of the slit 
[aaa eT system protrudes above 
¢ y / the level of the brass 

plate fitting into a rec- 

tangular opening made 












































FicurRE 3.—LOWER View OF SLIT SySTEM FASTENED 
TO Brass COVER PLATE 
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in the end of the same. Figure 3 shows a method for fastening the 
slit system to the brass cover plate and when it is fastened in this man- 
ner, there is no leak of X-rays around the case of the slit system and the 
direction of the X-ray beam will be perpendicular to the plane of the cover 
plate. The slit system is placed half-way between the edges of the cover 
plate and so that its edges are parallel to the edges of the cover plate and, 
of course, to the reference wall mentioned previously. 


Construction of X-Ray Tube Supports and Fixing of the Position of the 
X-Ray Tube 


It is good practice to have a safety factor of at least 100% in the case of 
all high-voltage insulations. If this rule is followed all air gaps used for 
insulation will be at least twice the spark gap of the X-ray coil, assuming 

point electrodes. Using the molybde- 
x num target X-ray tube all insulating 
iB 30° air gaps will need to be at least 110 
to 120 mm. At any point in the high- 
voltage circuit where there is not this 
space between the high voltage and 
the ground, mica insulation should be 
used. Mica sheets made up of flake 
mica and shellac are very convenient 
for this purpose. This sheet mica when 
warmed can be cut with scissors and 
bent or molded into any desired shape. 
Several layers can be stuck together by 
means of shellac. 

Diagrams of the X-ray tube supports are shown in Figure 1A and in 
Figure 4. They are constructed of wood and moldable sheet mica. The 
lower support consists of a triangular wooden box mounted on a small mica 
table which in turn is fastened to the bottom of the lead box by means of a 
wooden block. In the diagram, x represents the axis of the target end of 
the X-ray tube, /J an X-ray tube clamp, and S a block of wood which pre- 
vents the X-ray tube from slipping down. It contains a slit through which 
the metallic eyelet on the end of the tube passes. The proper height of the 
tube can be conveniently adjusted by purposely making the mica table 
too high and trimming it off little by little before it is fastened to the lower 
block of wood. The X-ray tube is set at exactly the required angle by 
lowering or raising the X-ray tube clamps. It is better not to depend 
on the screws of the clamps for a permanent position. By using pieces 
of thin cards for washers between the clamp and the triangular 
wooden box it is possible to raise or lower the tube a very little at a time 
until the correct adjustment is found. It is assumed, of course, that cor- 








Ope Space €Mica 














FIGURE 4.—X-RAy TUBE SUPPORT 
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ect adjustment has almost been reached without the use of the cards and 
he use of more than four or five cards in this way is probably not to be 
ecommended. The correct position of the X-ray tube is determined by 
ybserving a fluorescent screen held above the slit system. The position at 
vhich maximum brightness is observed is the correct position. 

The upper support is made of wood and mica in a manner similar to that 
ndicated for the lower one and is mounted on a wooden cross beam N 
Figure 1B). If either end of the X-ray tube or either of the high-voltage 
eads is less than 120 mm. away from the lead box, further mica insulation 




















FiGuRE 5.—F1LM HoLpER, BRASS SPRING, AND SAMPLE TUBE BEARING 


must be used. No special attention need be given to insulating the central 
portion of the X-ray tube provided there is as much air gap all around as the 
distance to the lower end of the slit system (5 to 10 mm.). It is said that 
a ground wire may touch the glass of the tube without damage although 
such a connection will, of course, not be made deliberately. The lead box 
should be carefully grounded to protect the operator in case of arcing to it. 


Partial Construction and Fixing the Position of the Film Holder; 
Construction and Adjustment of the Septum 
The sides of the film holder (Figure 5) are made of 5-mm. brass plate. 
The curved edges must be carefully turned on a machine lathe and the hole at 
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the center of the arc should be drilled before the pieces are removed from the 
lathe. The diameter of this hole is about 4mm. The bottom edges of the 
plates must be straight and for this reason the pieces are cut from the original 
brass stock so that the milled edge makes the bottom edge of each plate. 
After the brass plates are taken from the machine lathe a piece of hard, 
straight steel rod the exact size of the center hole is used for connecting the 
two plates. The two plates are separated from each other until the dis- 
tance between them is 60 mm., then with the bottom edges in the same 
plane they are securely 
fastened together by 
means of the squar¢ 
wooden block R (Figur« 
5). The width of this 
block must be exactly 
the same as the length 
of the sample tube bear 
ing (Figure 6A). The 
sample tube bearing is 
next fastened into place 
by means of flat head 
bolts. The holes in the 
bearing are of the same 
diameter as those in the 
film holder. To insure 
/20° the correct location of 
the sample tube bearing, 
the steel rod mentioned 
aboveis threaded through 
one side of the film holder, 
through the bearing, and 
finally through the other 
side of the film holder. 
FicuRE 6A.—FRont VIEW OF SEPTUM aie , 
T, axis of sample tube; X, direction of X-ray beam. The exact anaes “s 
or the film holder is found 
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by use of a sample of lead powder. A sample tube as shown in Figure 7 
is filled with lead powder and placed in the sample tube bearing. Then 
while observing a fluorescent screen held above the slit system the film 
holder is moved forward until the sample of lead is in the middle of the 
X-ray beam. The film holder is clamped in this position and fastened to 
the brass plate J (Figure 1A) by means of bolts as indicated by the dotted 
circles shown in Figure 5. 

It is possible to take two pictures on the same film by dividing the film 
holder lengthwise into two compartments by means of a septum. (Figur« 
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(A, part V.) The septum is made ie ae 
i sheet lead whose thickness need IS 
'e only great enough to insure | 
1 gidity. To prevent excess fog- media > 
cing of the film a small, thin lead 
x is placed in the path of the 
:.ain X-ray beam (Figure 5 and 
Ligure 6A, part W.) The dimen- 
sons given in Figures 6A. and 6B Ficure 6B.—Siwe View oF SEPTUM - 
allow a beam diffracted at as little 
as 5° tobe recorded. The septum is soldered in place to the sample tube 
waring. This bearing is removable and hence the whole septum is 
‘emovable. 
Completion of Film Holder 


The top part of the septum is cut by means of shears so that the arc has 
a radius of about 98 mm. The curved part of the film holder is covered 
with heavy-gage sheet brass (spring brass) which is fastened into place by 
means of small bolts screwed into the edges of the brass plate making up 
the sides of the film holder. Two strips of brass spring about 5 mm. wide 
are used for holding the film in place. The spring is tightened by means of 
a lug soldered onto one of its ends and a screw placed as shown in Figure 5. 
A shield of lead (not shown in the drawing) must be screwed onto the front 
of the film holder to protect the film from exposure to X-rays. 


Preparation of Sample, Sample Tube, and Other Details 


The sample is reduced to a fine powder which should pass through a 200- 
mesh sieve (a cheap grade muslin handkerchief is approximately 200 mesh). 
The sample tube is made of glass according to the diagram shown in Figure 
7. Glass tubing is selected which is just large enough to rotate in the 
sample tube bearing. A long and short piece are cut as shown in Figure 7 
and a slip of paper with the sample number on it is placed in the larger piece. 
Both ends of both pieces are next partly closed by heating in a flame until 
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FIGURE 7.—SAMPLE TUBE 
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they will just admit the sma! 
capillary tube which shoul 
not be greater than 1 mm. 
outside diameter and shoul! 
be made of lead-free glas 
The capillary tube is seale: 
to the short piece of tubing 
at the outside end and thea 
filled withthe sample. After 
the capillary has been filled 
the larger piece of tubing is 
put in place and sealed at thie 
«a it} outside end. If two samples 
are to be photographed on 


the same film a small piece of 


FIGURE 8.—FRONT VIEW OF FILM HOLDER WITH tton is ol d at th 7” 
MECHANISM FOR ROTATING SAMPLE cotton 1s placed at the center 


























as shown in Figure 7. It is 
important that the distance occupied by this piece of cotton be short since 
if the sample does not extend beyond the edge of the exposed part of the 
film, the line on the film will be curved at the end which is undesirable 
if quantitative measurements are to be made. This is the reason for the 


narrow strip of brass around the arc of the septum (Figure 6A). 

For some purposes it is desirable to rotate the sample slowly during ex- 
posure and it is probably better to do so in all cases. A scheme for rotating 
the sample is shown in Figure 8. A rubber stopper serves for a pulley and 
a small circular disk of sheet metal to reduce friction between the stopper 
and the outside bearing. The dotted line indicates the position of the 
sample tube. The end of the tube away from the stopper 
rests against the plate J (Figure 1A). 

The film is folded in a black paper envelope made of the 
black paper from around the films (Figure 9) and is placed 
under the brass springs shown in Figure 5. An intensifying 
screen may be placed under the film to shorten exposure al- 
though the relative intensities of the lines are said to be 
unreliable when such practice is followed. The X-ray 
beam must be filtered through a zirconia filter in order 
that it be monochromatic. The filter may be placed under 
the brass springs in front of the film or just in front of the 
slit system. The latter procedure is more economical and 
has been found to be quite satisfactory. 














. ee FIGURE 9.— 
High-Voltage Circuit DIAGRAM OF 
a : ‘ eee aa , BLACK PAPER 
The wiring diagram of the high-voltage circuit isshownin Enve.ore 
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FicurE 10.—WI1RING DIAGRAM OF HIGH-VOLTAGE CIRCUIT 
A, filament ammeter; B, filament transformer; C, supply line; D, auto 
transformer; E, X-ray coil; F, rectifying mechanism; G, milliammeter; H, 
X-ray tube; J, filament control; Z, filament switch; K, X-ray switch. 



































Figure 10. The coil used in the author’s laboratory is from an old medical 
unit and although not well adapted to the purpose, such a coil can frequently 
be had at quite a low cost. The current must be rectified for continuous 
running since the target soon becomes quite hot and the tube no longer rec- 
tifies its own current. A simple device for saving the cost of expensive 
insulators is shown in Figure 11. It consists of a narrow strip of sheet mica 
fastened to a wooden piece by means of screws. Heavy insulated wire may 
be used satisfactorily instead of the expensive brass pipe generally used in 
X-ray installations. All exposed high-voltage connections should be fenced 
off so that it is not possible for the operator to accidentally make a contact 
with the high-voltage line. Ifa gate is provided in the fence, it is easy to 
arrange the wiring so that when the gate is open the primary of the X-ray 
coil is also open. 

The X-ray tube is a special molybdenum-target fine-focus Coolidge tube 
and may be operated continuously at 30,000 volts and 10 milliamperes. 
The target becomes white hot and the stem shows a dull red to within a 
short distance of its lower end. For dense materials many hours of ex- 
posure are required before sufficiently heavy lines are recorded on the film. 
The operator should make certain that all rays are completely absorbed 
since X-ray burns represent a source of great danger. The placing of pieces 
of photographic film about the 
laboratory, which are devel- [ . 
oped after certain time inter- [ 
vals, allows testing for unab- FIGURE 11.—SImMpLE HIGH-VOLTAGE INSULATOR 
sorbed X-rays. The carrying 
of pieces of film in the pockets of the experimenter is also to be recommended. 

Making Use of Data 


The data obtained from the film are the linear distances from the zero 
line to the lines caused by the diffracted beams. Each of the lines repre- 
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sents a family of atom planes. The distance along the film from zero to 
any given line is proportional to the angle @ (see above) which is related 
to the interatomic distance d by the equation 


ny = 2d sin 0. 


The angle @ is determined by photographing some standard crystal such 
as rock salt or calcite for which d is known. Sin 6 can be calculated for 
a known value of \ (0.710 A. U. for the Mo a doublet) and @ obtained by 
referring to a table of sines. When @ has been found it is divided by the 
distance along the photographic film from zero to the line for which @ has 
been calculated. The value obtained is the proportionality constant re- 
lating @ and the film distance Z and can be used for getting @ for an un- 
known crystal. 

For example, it is known that in the case of a sodium chloride crystal the 
unit cube edge is 5.628 A. U. (dioo) and that the distance between the 
planes parallel to the faces of the cube is half the unit cube edge or 2.814 
A. U. (deo). The first ‘‘reflection” from this family of planes is a second 


order line and 
ms 2X 0.710 _ 1X 0.710 


sin 0 = 95 “2x 5008 2X 2814 





= 0.12616 and @ = 7.2474°. 


If the radius of the arc about which the film is placed be exactly 100 mm 


then 
20 


360 = = a and ZL = 25.30 mm. 


where L represents the film distance for the first “reflection” from the 100 
planes. If the radius could be measured accurately, the proportionality 
constant-relating 0 and L could be calculated. However, it is more satis- 
factory to determine the relation between @ and L as described above. 
The results listed in Table I (4) were obtained by means of the apparatus 
described above. 


TABLE I 
Diffraction Data Obtained for Rock Salt 
Measurements for faint lines (111,311) not included. 


(hkl md L ic E 
Indices) d 2d 6 Ist Run 2nd Run Average 6/L 


200 2.814 0.12616 7.247 24.55mm. 24.6mm. 24.58mm. 0.2949 
220 1.990 0.17839 10.273 34.95 34.8 34.88 0.2945 
222 1.625 0.21851 12.622 2.75 42.8 42.78 0.2950 
400 1.407 0.25233 14.616 49.75 49.6 49.68 0.2942 
420 1.258 0.28210 16.390 55.55 55.7 55.63 0.2946 


When once the value of 6/Z has been determined 6 can be calculated for 
any value of Z for an unknown crystal. If very accurate measurements 
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are desired, the calibrating material should be mixed with the unknown. 
‘| ne practice of placing the unknown in one end of the sample tube and 
the standard in the other and photographing on the same film cannot be 
recommended for very careful work. 

The apparatus described above has the disadvantage of being able to 
e.pose only one film at a time and also of requiring a very long time for 
e. posure since the milliamperage must be kept relatively low. However, 
tere are two important advantages aside from the low cost. In the first 
piace the sample is rotated and thus a uniform exposure of the crystal 
pianes is assured and, in the second place, the first one or two diffracted 
lines are recorded on each side of the zero. This makes possible the meas- 
uring of Z without comparison with a standard (the line resulting from the 
main beam cannot satisfactorily be used for locating zero since there is too 
much blackening of the film at this position). By modifying the film holder 
and slit system it should be possible to make Laue, Bragg, and other types 
of X-ray diffraction pictures as well as the type of picture described above. 
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Government Optical Research to Have Underground Laboratory. When optical 
lenses must be ground accurately to within five- or six-millionths of an inch, the tempera- 
ture in the workroom should not be shifting from 70 degrees to 85, or down the scale to 
65. Vibrations make a great deal of difference, too, and dust flying about can work 
havoe with one of those millionths. However, for ten years opticians at the U. S. 
Bureau of Standards have had to do their work in the industrial building, where dust, 
noises, vibrations, and temperature changes have been frequent. 

These workers are rejoicing at the news recently announced by Dr. C. A. Skinner, 
chief of the optics division, that early in 1931 the new underground, optical laboratory 
vill be ready for use. 

Dr. Skinner explains that the layman can perhaps understand the importance of 
iy, accurate measurements when he realizes that a first-class telescope lens must 
oncentrate every beam of light from a distant source, such as a star, within an area so 
small that even when magnified 500 times or more, the eye can perceive nothing but a 

‘int. Moreover, the final figuring in grinding optical lenses has to be done by hand, 
r machinery is incapable of such fine work.— Science Service 





A METHOD FOR FILLING BURETS BY VACUUM 


C. W. Eppy, 148 S. Mission Roap, Los ANGELES, CALIFORNIA 


Glances through any of the chemical periodicals will bring to one’s 
attention a number of methods to deliver liquids to burets. The majority 
of these methods deliver the liquid to the buret either by gravity or the 
use of a small pressure bulb worked by hand to force the liquid over into 
the buret. The proposed method does away with either of these two metl:- 
ods and by the simple opening of a pinch clamp, allows the vacuum to pu!l 
the liquid up into the buret. The majority of laboratories nowadays are 
equipped with vacuum lines and, by an arrangement shown in Figure |, 
it is possible by using the simplest of equipment to be found in any stock- 
room to have a series of burets set up which may be filled by the aid of the 
vacuum. 

The accompanying diagrammatic drawing illustrates the method of 
setting up one buret; a series would 
be just a duplication of one set-up. 
A is a storage bottle which may be 
most conveniently set under the titrat- 
ing table where it is out of sight and 
not interfering with the work. B is 
a calcium chloride tube placed in the 
stopper of the storage bottle when 
necessary. C is a buret fitted with 
a two-way stopcock, one outlet of 
which is attached to the tube from 
the storage bottle. D is the vacuum 
line connected at the proper location 
and at a convenient height to the 
T-tube E. F is a small but firm 
pinch clamp that controls the vacuum. 
G is another T-tube which is connected 
to the tube H of small bore, preferably a capillary tube. H is connected 
to the buret C, either by a cork or rubber stopper. J is the continuation 
of the vacuum line to which other buret set-ups similar to the one shown 
in the diagram may be connected; there being no limit to the number of 
burets possible to use by this method. 

In order to fill the buret, the thumb or finger is held over the open outlet 
of T-tube G and after adjusting the stopcock to the proper position to 
allow the liquid to flow from the storage bottle to the buret, the pinchcock 
F is opened causing the vacuum to act and suck the liquid up into the buret. 
The buret can easily be dismantled for cleaning purposes by disconnecting 
the stopper at the top of the buret and the rubber connection at the bottom 
of it. No method of supporting the buret is suggested because almos' 
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very one has his own preferred method of attachment, but the author has 
uund that when a large amount of titrating is to be done a special table 
et aside for the purpose is advisable. The storage bottles may then be 
laced under the table and a rigid support built on the table or shelf to 
ipport the burets. 


“REASONS” WHY MY MARK SHOULD BE RAISED* 


RESTON STEVENSON, COLLEGE OF THE CITY OF NEW YorK, NEw YorkK City 


There must be a mistake somewhere. 

Neither at the mid-term nor at any time have I received any official warning; 
therefore, relying upon the college, I merely maintained my grade. Surely, this 
must be a satisfactory grade. 

I know many members of the section who did not do such good work as I did and 
who got better marks. I was recognized among my classmates as a good student— 
you can ask any of them. 

I was not well at the time of the examination or else I was unwell on the evening 
before the examination. 

This mark ruined my prospects of graduating (or of entering medical school or, 
etc.). 

This mark grieves my father (or other relatives) whose pride I am. 

This is the only course in chemistry where I have received a poor grade. Surely 
all the other instructors were not mistaken in their appraisal of my work. 

It is not a higher mark that I seek; I care nothing for marks. I think marks are 
wicked and disapprove of them, even as I also disapprove of attendance and all 
requirements. However, this pernicious system of which I am the victim re- 
quires marks for achieving success and therefore I seek a higher mark. 

I do not ask for a higher mark. I am merely discussing the matter abstractly. 
Therefore, I shall show you why I should be given a higher mark. 

I am not asking for a higher mark, but I ask that it be proved to my satisfaction 
that I did not deserve a higher mark. I offer to co6perate with the instructor in a 
reconsideration of my paper. 

Several men around me in the examination copied from my paper, yet I know that 
they received a higher mark thanI did. Surely this is not fair? 

The reason I did not do better is because I am very honest whereas I do not wish 
to say anything against many of the other members of the class 

The examination was unfair and unfairly distributed over the subject. 

The instructor was unfair. 

The system of grading is unfair. 

Some questions in the examination were graded too high (or too low) and should 
have been omitted or replaced or made optional. 

Can’t you do something for me? If you were in my situation, would you not de- 
sire a higher mark? 

I am a poor boy who has to work for a living and therefore I was late or absent or 
had not the opportunity to study. Therefore, I should not be marked like the 
others but should be given a special bonus. 

I live far away from the college and therefore should be given a bonus. 

My devotion to the college in extra-curricular activities (far more important than 
your course) handicapped me. . The college should show its appreciation by giving 
me a bonus. 

I have studied this subject from the broad philosophical standpoint and therefore 
I was unable to answer your technical catch-questions. 

The questions were ambiguous and therefore my answers should be graded ac- 
cording to the reasonable interpretation that I made of your questions. 

I am a conscientious objector to examinations. 


* Editor’s Note: The existence of this humorous collection of “‘reasons’’ was re- 
ently called to the attention of the editor. Feeling that our readers would enjoy it, 
-rofessor Stevenson was requested to submit it to the JOURNAL, 





EMANATION APPARATUS 


WINTON I. PATNODE, CORNELL UNIVERSITY, ITHACA, NEW YorRK 


An apparatus for the collection of emanation from a solution of a radio 
active substance is described. The device is particularly useful in connectioi 
with lecture demonstrations and was designed to be used as a storage vesse 
as well as a working apparatus. This feature eliminates the necessity o, 
transference of the solution from one vessel to another, thus avoiding the pos 
sibility of loss of the radioactive substance. References to literature describin; 
various experiments with emanation are also given. 


Lectures dealing with radioactivity are often accompanied by numerous 
experiments. A very excellent demonstration of the properties of emana 
tion is described by Paneth (1). The details 
of this experiment may be modified to sui: 
the occasion in a variety of ways, and many 
suggestions for lecture demonstrations may be 
obtained by reading the works of Rutherford 
(2), Soddy (3), and others. 

The rate of escape of emanation from a 
radioactive substance is increased if the sub 
stance is dissolved in water and a current of 
a gas is bubbled through the solution. The 
solution is often quite valuable and conse- 
quently it is desirable to handle it in such a 
manner as will avoid loss upon transfer or from 
splashing. This may be accomplished by the 
device shown in the accompanying figure. 
The apparatus, excepting the base, is made 

A entirely of glass. A convenient size is one in 

IN which the bulb R has a diameter of about 5() 

WU Z My mm. The tube at the bottom of the reservoir 

\ dean a R is drawn down to a cone, and the end of 

the inlet tube 3, which is drawn out to a small 

opening, extends down to within 2 mm. of the tip of the cone. This 

arrangement permits the removal of practically all of the solution of the 

radioactive substance without undue dilution. The outlet tube 4 is ben! 

as shown to prevent loss of solution through splashing. The rate of flow 
of air is controlled by the stopcocks J and 2. 

To fill the apparatus, a short length of glass tubing is attached to the 
outer end of the inlet tube 3 by means of a piece of rubber tubing. Th 
apparatus is held in a horizontal position with the end of the glass tub: 
dipping into the radioactive solution. Suction is applied to the outle: 
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tube 4, and sufficient solution is drawn into the reservoir to fill it to point S 
vhen standing upright. 

To start the flow of emanation, stopcock ? is opened, air pressure is 
applied at 1, and stopcock I is opened slowly until the desired rate of flow 
isattained. In stopping the flow, stopcock ? is closed last in order to keep 

ie pressure within the apparatus at about one atmosphere. 

The solution may be removed from the apparatus by applying air 
yressure at 2, and opening stopcock 1. 

Of course the current of gas carrying the emanation is contaminated 
with water vapor, oxygen, hydrogen, carbon dioxide, and helium, but these 
substances do not interfere in many experiments. If, however, pure 
emanation is desired, that taken from the apparatus may be purified by 
one of several procedures, those described by Soddy (4) and Kohlrausch (3) 
being quite satisfactory. 

Literature Cited 


PANETH, “‘Radio-Elements as Indicators and Other Selected Topics,’’ McGraw- 
Hill Book Co., New York City, 1928, p. 25. 

RUTHERFORD, ‘‘Radioactivity,” 2nd edition, Cambridge University Press, London, 
1905, p. 238 et seg.; ‘Radioactive Substances and Their Transformations,’’ Cam- 
bridge University Press, London, 1913, p. 347 et seq. 

Soppy, “Interpretation of Radium,” 4th edition, John Murray Press, London, 
1920, p. 78 et seq. 

Soppy, “Chemistry of the Radio-Elements,’? Longmans, Green & Co., London, 
1911, p. 52. 

“Handbuch der Experimental Physik,’ Vol. XV, ‘‘Radioactivitat,’’ Akademische 
Verlagsgesellschaft M. b. h., Leipzig, 1928, p. 684. 


Potassium Lack Makes Sugar Cane Sick. Just as men or animals will sicken if 
they do not get enough salt, so do plants become ill and stunted if they are starved of 
one or another of the mineral nutrients they need. Experiments performed at the 
University of Chicago by Dr. Constance Hartt of St. Lawrence University, of Canton, 
New York, show that sugar cane must have its modicum of potassium in order to remain 
healthy. 

Deprived altogether of potassium, the cane plants suffered from decreased growth, 
dieback, and deficient development of their all-important green coloring matter. 

With a little potassium they showed a little growth, with more, better growth; there 
was a definite correlation between the amount of the mineral supplied and the amount of 
plant material produced. The only plant part that grew faster on a short potassium 
ration was the root system, and this growth was only in length, as though in search for 
the missing element; there was no increase in weight even in the roots. 

There were internal abnormalities also in the cane plants on a potassium-starvation 
diet, expressing themselves both in unusual structural elements and in off-key physio- 
logical behavior. 

For normal development the plants did not make excessive demands. All they 
needed, so far as the potassium ration went, was 39 parts of it in ten million parts of the 
solution supplied to their roots.—Science Service 





GLASS BLOW-TORCH FOR BLOWPIPE ANALYSIS 


C. H. ALMFELT AND C. C. BEEBE, SYRACUSE UNIVERSITY, SYRACUSE, NEW York 


This simple blow-torch is made of 9-mm. pyrex tubing (F), 16 cm. in 
length, which is drawn to a 2-mm. opening on the one end. At 5 cm. from 
the other end a piece of 4-mm. pyrex tubing (XK) is sealed on and bent as 
shown in sketch. Next a brass blowpipe (C) is taken and the small end 
is cut off just inside the bend. The large end is cut off according to thie 
length desired. Around the large end is placed a piece of pure gum tubing 
(D) which serves to hold the brass tube tight inside the pyrex tube; this 
also serves as an air plug. The air exit (J) of the brass tube (C) comes to 
within 3 mm. of the opening in the pyrex tube (#7) and must be exactly 
centered to (H). This centering is done at (G) where the tube is heated 
and three equally spaced file punches are made, thus centering the brass 












































A-—Mouthpiece G—Centering points 

B—Pure gum tubing 4 mm. H—Gas exit 

C—Brass blowpipe barrel (for air) J—Air exit 

D—Pure gum tubing 4 mm. K—Pyrex tubing 4 mm. (for gas) 
F—Pyrex tubing 9 mm. M—Red burner tubing 


tube (C) and also leaving room for the passing of gas from (kK) to (H): 
Fastened to (C) is a piece of pure gum tubing which varies in length as 
desired. On the end of the tubing is a mouthpiece (A) made by end- 
flattening a piece of 4-mm. glass tubing. Fastened to (K) is a burner tub 
ing (M), which also varies in length as desired. 

This blow-torch is convenient and produces an amazingly hot flame by 
blowing lightly through it. There is no danger of drawing the breath 
backward thus getting gas, because the instant it comes back the flame 
goes out, thus serving as a warning. 

This blowpipe works very well in blowpipe analysis, and is an excellent 
substitute for the old hard-blowing brass blowpipe. Also the charcoal 
block can be left lying on the bench and does not have to be tilted at a 
difficult angle as is the custom with the old style blowpipes. 


Genius does what it must, talent does what it can.—OWwEN MEREDITH 
968 





A BATH THERMOSTAT 


Tuos. C. HERNDON, EASTERN KENTUCKY STATE TEACHERS’ COLLEGE, RICHMOND, 
KENTUCKY 


In every laboratory there are times when a constant-temperature 
ater-bath is very necessary for the success of some experiment or other. 
Such a piece of apparatus, however, is expensive when purchased from 
boratory supply houses. The result is that many laboratories are not so 
juipped and exercises requiring a closely regulated temperature are either 
oorly performed or omitted entirely. The writer, needing such an in- 
sirument, devised the bath shown in the accompanying diagram. No 
originality of principle is claimed. It is inexpensive, the exact cost being 





| Top ViewO 





ae 
ae 
HOA.C. 


determined by the number of parts already on hand. While the diagram 
is largely self-explanatory, a few words may serve to make the operation 
of the bath somewhat easier to understand. 

The lamps, L, heat the water in the ten-gallon stone jar, D, and are 
connected in series with the armature of the telegraph sounder, 7. A 
central wooden strip extends down into the water from the wooden frame, 
C. This strip carries the thermostat which is made as follows: a wide- 
mouth gas bottle, £, capacity, 150-200 cc., is fitted with a two-hole stopper 
carrying the glass tubes, A and B. Mercury is placed in the bottle to a 
depth of one-half inch. Tube A has a platinum wire sealed into the end 
to make contact with the mercury in the bottle. Its exterior portion is 
also partly filled with mercury to make contact with a lead from the dry 

969 





970 JOURNAL OF CHEMICAL EDUCATION May, 1931 


cell. Tube B is open at both ends and is thus also partly filled with mer- 
cury, depending upon the pressure in the bottle. The electromagnet «f 
the telegraph sounder is connected to a dry cell and the thermostat «s 
shown in the diagram. The adjustable wire extending down into tube 3 
may be held at any desired position by making a few crimps init. Sisa 
mechanical stirrer; any available stirrer may be used. 

The operation of the thermostat is as follows: When the water begins ‘o 
heat, the confined air in the bottle expands, driving the mercury up tube 
B, finally making contact with the wire. This closes the circuit containing 
the dry cell and the magnet. The latter pulls the armature of the sounder 
down, breaking the lamp circuit at the point P. The water begins to cool, 
but before appreciable cooling takes place the contraction of the air in 
the bottle causes the contact in tube B to be broken, allowing the lamp 
circuit to close again. By making B of a small-bore tubing, the tem- 
perature differential to cause the cutting on and off of the lamps is only 
a few tenths of a degree. This is, of course, a measure of the accuracy 
of the instrument. For different temperatures, the wire in tube B may 
be adjusted to different levels. Lamps of various power may be used for 
different heat ranges. Seventy-five-watt lamps are convenient for the 
range from room temperature to 40-45°C. 


The Goblin Cobalt. The history of cobalt is one of the most interesting of the 
elements. The element came into prominence of questionable character in the Middle 
Ages. Basillus Valentinus, a reputed Benedictine monk, and Paracelsus, an alchemist 
of the early period of the Revival of Learning, mention an evil spirit that was supposed 
to inhabit mines and which destroyed the work of the miners and gave them much unnec- 
essary trouble. It seems that this goblin was a practical joker and a nuisance supreme. 
He was continually up to some prank that resulted in disaster for the miners, in scaring 
off the mines and explosions. In fact all things that went wrong in the mines were 
attributed to the goblin, Kobald. The word kobald is of Germanic origin meaning evil 
spirits. So strong was the superstition concerning Kobald that many churches in tlie 
mining districts once included a prayer to God to preserve the miners and their works 
from the Kobalds. 

Later the term was applied to ores that were called false ores, that is, ores that did 
not give up their metals when treated by the process then in vogue. Also ores that had 
an objectionable smell. 

When the mining and metallurgy of iron became an industry of note, it was found 
that certain ores would not give a metal of the best quality. The metal could not be 
tempered or shaped with any degree of success. The more ignorant and superstitious 
of the miners and foundry workers attributed this obstinacy to the evil spirit, Kobald. 
Later it was found that the ores contained another material that resembled iron to a 
surprising degree. This was called ‘‘Kobald’” in Germany and Cobalt in England. 
Later the Germans modified the word to kobald, and the English to cobalt. Brani't 
isolated and showed cobalt to be a new metal in 1742.—The Proton 





Correspondence 


ADVICE FROM A STUDENT 


Take a course in glass-blowing. 

Any man who expects to make chemistry his life work, whether he 
expects to teach or to practice industrial chemistry, will find a course in 
giass-blowing very helpful. The writer has recently completed such a 
course in Syracuse University and has already found it to be very beneficial 
in work done in the laboratory, and also to be extremely interesting. There 
is a great amount of satisfaction to be derived from being able to fashion 
a broken piece of apparatus or a few scraps of glass tubing into a useful 
article. 

In research work a man who has a knowledge of glass-blowing is always 
a handy man to have in the laboratory, and the student who is able to 
repair or construct simple pieces of apparatus will often find chances to 
pick up pin-money in this way. Many students spend their summer 
vacations working in industrial laboratories. Again a knowledge of glass- 
blowing is extremely helpful. Laboratory technic often marks the good 
chemist, and the ability to handle glass apparatus properly is just the thing 
to better one’s “‘technic.” 

Syracuse University offers a full-year course which requires about 
three hours per week, and for which one credit hour is given. The text 
used is Frary, Taylor, and Edwards’ “Laboratory Glass Blowing,” pub- 
lished by the McGraw-Hill Book Company.* The course includes all 
fundamental operations such as the making of T-tubes, inner seals, and 
glass to metal seals, and then takes up more advanced operations such as 
silvering, stopcock grinding, etc. A little work in metal soldering is 
also given. This course is required by the University for the degree of 
B.S. in chemistry. 

Colgate University has provided a space for glass-blowing purposes 
in the basement of its new McGregory Hall of Chemistry, and expects to 
develop a course within the near future. 

Many universities, such as Cornell and Chicago, offer informal courses 
for which the student must pay an extra fee to the instructor. These 
courses do not give any college credit, but the student will find it well 
worth his time and money to take advantage of them. 

STUART GRAVES 


SYRACUSE UNIVERSITY 
SYRACUSE, NEW YORK 


* For a review of the second edition of this book, published in 1928, see J. CHEM. 
Evuc., 5, 903 (July, 1928). 
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EDUCATIONAL SOUND FILMS 


Doubtless no one will deny the truth of the old Chinese proverb, ‘‘One 
picture is worth ten thousand words.’”’ But today, with the advent of the 
sound film, an entirely new significance attaches to this truism. 

In this issue of the JOURNAL OF CHEMICAL EDUCATION! may be found 
recorded, supplemented by pertinent illustrations from the film, the 
epochal talking-movie experimental lecture presented by Dr. Irving Lang 
muir before the Division of Chemical Education at the A. C. S. meeting, 
Columbus, Ohio, May, 1929. For an evaluation of this film we quote the 
editor of THIS JOURNAL: 


The picture was notable not only because it was an exceptionally fine example of 
the educational film, nor because of the interest of the subject matter, but because it 
gave fresh impetus to the already growing recognition of the educational potentialitics 


of the moving picture. 
And to this let us add Dr. Richmond’s? statement of his reaction to it: 


When I was asked to see this picture I was doubtful lest the mechanism 
would be so obtrusive that the personality would be lost, yet in this I was agreeably 
disappointed. It was obvious to me at once that we have here an instrument of ainazing 
possibilities, especially in the teaching of science. 


The motion picture has already achieved definitely measurable results in 
instruction. According to Dr. Richmond? it is 


an instrument which not only can impart and disseminate useful knowledge, 
but which can, and often does, stimulate a deeper desire for knowledge. 


We would refer the reader to the editorial quoted previously? and to a 
later one‘ for a summary of the advantages exclusive to the motion picture 
and for suggestions regarding its possibilities in the chemistry classroom. 
For all of his enthusiasm for the moving picture the editor is astute enough 
to emphasize the fact that 


Here... ..... is one new tool to add to our kit—but not a new kit of tools to replace 
the old. 


And further: 


It is a mistake to think that the moving picture, either silent or speaking, is in an 
sense a substitute for the teacher. 


1 Lancmulr, ‘‘Oil Films on Water,” J. CHEM. Epuc., 8, 850-66 (May, 1931). 
2 Epir., “‘Educational Movies,” 2bzd., 6, 1017-8 (June, 1929). 
3 RICHMOND, “‘The Educational Value of Talking Motion Pictures,” ibid., 8, 848 - 
50 (May, 1931). 
4 Eprrt., “‘A New Tool in Instruction,” ibid., 7, 2764-5 (Dec., 1930). 
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Place of Sound Pictures in the Educational System 


With the addition of sound, a feature which permits a presentation of 
arning situations far more realistic than the silent film, the teaching 
Tectiveness of the instrument should increase tremendously. In view of 
is we might well ask, “What place should the sound picture occupy in 
ie educational scheme?’ According to Mr. V. C. Arnspiger,® director of 
search, Department of Educational Talking Pictures, Electrical Research 
‘oducts, Inc.: 


First, in no sense is it intended to replace the instructor. It would be idle to sup- 
pose, for example, that any series of pictures, no matter how complete, could function as 
ai instructor in making necessary adjustments to individual student needs. The con- 
tribution of the sound picture, therefore, must not be in supplanting but in supplement- 
ing the work of the instructor. 

The chief function of the talking picture is to enrich the curriculum. The walls of 
the classroom and the covers of the textbook only too frequently prove the limiting 
boundaries of the student’s educational experience. The talking picture can bring to 
the classroom actual scenes with their natural sound effects from the outside world, 
carefully arranged to achieve certain desired objectives. It will go far in removing the 
objection that the schoolroom presents an artificial situation. No matter how in- 
geniously the instructor may contrive to bring in pictorial material, his illustrations can- 
not begin to equal the effectiveness of the talking picture. 

The results achieved by this medium will possess still another value. In addition 
to its enrichment qualities, it should serve to stimulate progress in education. A talking 
picture prepared to satisfy the criteria of best current practice and important trends 
has great potentialities for rapidly spreading progressive ideas. 


The unlimited possibilities of the talking motion picture can probably 
best be indicated by quoting comments of several writers on various aspects 
of the subject. Mr. L. B. Tyson® writes: 


The writer’s many interesting contacts with students, educators, and industrial 
leaders have established one fact very definitely; that the possibilities of talking pic- 
tures as a medium of education, advertising, personnel training, and exploitation are 
without limit. Perhaps you are turning over in your mind why more progress wasn’t 
made with the silent pictures. The answer is this: silent pictures, while valuable, 
parallel too closely the illustrated printed word. There was not enough contrast. The 
addition of sound opened a new avenue to the senses—one can now not only see but can 
hear, which makes a doubly indelible impression and which greatly increases our ability 
to assimilate factual knowledge. 


Speaking about the effectiveness with which personalities can be por- 
trayed upon the talking screen, Dr. Richmond? says: 


The beautiful thing about it is that it introduces the element of personality...... 
We are able to bring an unlimited number of students into contact with 


5 ARNSPIGER, “A Program of Educational Talking Pictures,” McGraw-Hill Book 
Notes, Winter, 1931, pp. 3-4, 14. This quotation is taken from p. 3. 

6 Tyson, ‘“‘Some Observations on the Practical Value of Talking Pictures in Visual 
Elucation,’’ Educ. Screen, 10, 6-7 (Jan., 1931). This quotation is taken from p. 7. 
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teachers. They cannot only hear them and see them but actually, to a degree, can coime 
under the influence of their personality see their faces, watch thir 
changing expressions, hear their voices, see their intimate gestures, and all the personal 
characteristics which go to make up that subtle thing which we call personality. 


Dr. John G. Glover’ of New York University endorses the adoption 
of sound films in the field of education because 


the student will have the opportunity of seeing things in actuality instead of 
trying to visualize pictures from the words of his professor or his textbook. He will also 
have the privilege of seeing and hearing the most prominent and distinguished men in 
his particular field of study. Not only will he be privileged to see and hear the leading 
educators of this country, but he will also see and listen to those prominent educators 
from abroad. Leaders in and authorities on each subject will be the professors of tlie 
future. Even the small and remote colleges throughout the length and breadth of the 
country will be able to offer courses of study given by the best authorities from ll 
quarters of the globe 

From the standpoint of the student, there seems to be a decided advantage derived 
from the use of sound pictures in education. Instead of listening to the same instructor 
all year on one subject and getting one point of view from him, the student will see and 
hear fifty or sixty outstanding educators talk on that particular subject. This will 
naturally give him a much broader education on the subject in question. 

At this idea a great number of our educators will frown and say that the personal 
contact between the student and his professor is lost by the use of talking pictures, but 
when one considers our present system of mass education, where one or two hundred 
students are assembled in the lecture halls, one can realize that the factor of personal con- 
tact is already lost. 


In answer to those who object to visual education because of the dark- 
ness of the lecture rooms, Mr. Tyson’s® observation may be of interest. 


In the many showings of educational pictures I have witnessed, this one fact has 
stood out: that as soon as the lights are off, the attention of the audience is focused 
immediately on the screen and is held there until the picture is completed. This is not 
true with silent pictures. A recent demonstration proved it. A most interesting silent 
picture was shown on the same program with talking pictures. During the showing, the 
audience was laughing and commenting on the scenes. But as soon as the sound pic- 
tures were shown complete silence and attention were maintained. This is an im- 
portant factor in considering the value of sound pictures for educational purposes. 
As half of the value of the picture lies in the explanation accompanying them, silence is 
of course necessary that all may hear and thus concentrate on what is being done and 


said. 


A suggestion made by Dr. Glover’ is worthy of our attention for the idea 
may modify the nature of our present quiz sections. 


In using sound pictures to supplement our present methods of teaching, the instrtc- 
tor can help the student a great deal by preparing a list of questions on the particular 


7 Giover, ‘Talking Motion Pictures as an Aid in College Education,’ Educ. 
Screen, 9, 201-2, 211 (Sept., 1930). This quotation is taken from p. 202. 

8 See page 6 of reference cited in footnote 6. 

9 See page 211 of reference cited in footnote 7. 
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subject beforehand and requiring the student to answer them after the projection has 
ken place. 


And, finally, according to the editor! of the JouRNAL OF CHEMICAL 
\DUCATION: 


The contemporary value (of such films) is not to be compared with their future his- 
orical value. What would we not give to have in our film libraries of today sound pic- 
ures in which Faraday, Davy, Pasteur, and other immortals described their chief con- 
ributions to science! If we seize the opportunity now opening to us, future generations 

of scientists will arise to call us blessed. 


Principles Used for Selection and Production of Sound Pictures 


It is quite evident, therefore, that with the advent of the talking motion 
picture we are on the threshold of a new era in educational procedure. 
The failure of the silent film to reach its rightful place was due, according to 
Mr. Tyson,!! to 


the lack of proper direction and supervision. By this I mean that there 
was no unified control of the type of pictures to be made, nor the type of material to be 
incorporated into them. Whether or not they were the kind of pictures that would fit 
into the curricula of the various schools throughout the country apparently never en- 
tered any one’s head. Consequently, we had a crazy-quilt of educational silent films, 
some good—some bad—but none of them fitting into any coérdinated plan for instruc- 
tion. 


But, he adds: 


Fortunately those entrusted with the responsibility of the talking-picture educa- 
tional programs are cognizant of these shortcomings in the silent pictures and are wisely 
side-stepping them. 


And just what are the guiding principles today being applied to the se- 
lection and production of good sound pictures for the classroom? Mr. 
Arnspiger™ tells us: 


First, the fields or topics selected must be important. Also the material presented 
by the talking picture should be of the type which cannot be presented so well by the use 
of any other medium. The contribution to the educational program of the talking pic- 
ture must be unique. Another principle requires the material to be properly integrated 
in order to facilitate learning—integrated with the student’s previous experience and 
with other units included in the particular series of pictures. The method of presenta- 
tion must be such as to provide a stimulus for greater retention of the facts. Again, the 
picture must be so organized and presented that the student is encouraged effectively to 
participate in further useful educational activity following the showing of the picture. 


10 See page 2765 of reference cited in footnote 4. 
11 See page 7 of reference cited in footnote 6. 
12 See page 3 of reference cited in footnote 5. 
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And Mr. William Levin'® pleads: 


Let (the) principle of securing a happy balance between the verbal and the cor- 
crete, between the contemplative and the active phases of life, become one of our axioms 
in the development of text-films. The corollaries and the more intricate psychological 
implications of the development of classroom talkies we shall learn when we see—anii 
hear—the results of the researches to be conducted in connection with the ever-changin; 
subject-matter of our enriched curricula. 


Procedure Involved in Making Educational Sound Pictures 


The vast amount of research necessary for the production of educationa! 
sound pictures may be most easily comprehended by reading the following 
brief description of the procedure followed by the Educational Research 


Products, Inc.!4 


First came the selection of the particular fields of education. This was accomplished 
at the outset by the conference and questionnaire methods. Interviews with promi- 
nent workers in education established important trends. Five thousand questionnaires 
returned by teachers, supervisors, and administrators from all parts of the country re 
vealed those subjects in the curriculum which school workers felt needed enrichment 
through this medium. The results indicated that the most desirable contributions might 
be made by educational sound pictures in the social studies, vocational guidance, science, 
music, and teacher training. There was also a demand for pictures in specialized school 
athletics. 

With the fields selected, there followed a preliminary survey to determine which 
topics lend themselves most readily to sound-picture presentation. Research workers 
analyzed subject matter and objectives from leading courses of study, selected those 
which appear to be recognized as essential, and studied them for pictorial possibilities. 
The resulting conclusions were substantiated or modified by interviews with leaders in 
each particular field. 

The next step involved the preparation of units of instruction to serve as guides to 
the selection of the subject matter to be presented by the film. This handbook includes 
objectives, a detailed background of facts and suggested teaching devices, It is in- 
tended also to assist any instructor in making the showing of the picture a rich educa- 
tional experience for the students. Besides the unit of instruction for the instructor, in 
some cases supplementary material in handbook form is prepared for the student. The 
unit of instruction is sent to hundreds of instructors and supervisors throughout the 
nation with the request that they offer constructive criticism and suggestions. Re- 
plies received are utilized in putting the unit in final form. 

With the unit of instruction completed, a working outline is prepared for the sce- 
nario writer’s use. This outline lists, under each objective of the unit, those scenes and 
important facts which will most effectively achieve the desired results. 

From this research stage the picture passes into production. The scenario writer pre- 
pares the scenario and continuity, which is then approved by the research department. 
After the picture has been filmed and edited, it is again criticized for instructional values. 
Before the film is distributed, its effectiveness is tested in actual classroom situations. 
The effort here is to develop measuring instruments which will produce results which are 


as nearly objective as possible. 


13 Levin, “First Experiments with Talkies in American Schools,” Educ. Screen, 
9, 41-3 (Feb., 1930). This quotation is taken from page 43. 
14 See pages 3-4 of reference cited in footnote 5. 
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By a consideration of this procedure, we can easily realize the solid 
undation upon which the production of educational sound pictures rests. 
hile up to the present few such pictures have been made for use in the 


emistry classroom, it will be only a question of time before this situation 


remedied. M. W. G. 


Ergot, Important Drug, Raised Artificially. Ergot, one of the most important 
rugs used by physicians, may in the future be raised artificially in the laboratories of 
harmaceutical factories, instead of being harvested in the natural state as at present. 
reliminary experiments pointing to this possibility have been carried out by Miss 
\delia McCrea in the botanical laboratories of the University of Michigan. 

The quality of ergot was the subject of a Senate committee hearing last June, as a 
result of charges that the federal food and drugs administration was allowing importa- 
tion of impure and adulterated ergot. Miss McCrea’s research raises the question of 
whether the growth of laboratory-raised ergot may not be so controlled as to insure a 
supply of the drug having a high degree of potency. It is tooearly, however, to consider 
practical applications of Miss McCrea’s work, which is still in the realm of pure science. 

Miss McCrea grew cultures of the fungus from which the drug is derived on a 
variety of media, including mashes and jellies made from various kinds of grain, and 
simpler jellies containing different sugars. She found malt sugar to be the best food 
for the fungus. To get ergot to grow in a flask or test tube at all is regarded as a con- 
siderable triumph, because under natural conditions it is a parasite, preying only on 
living plants. She found it to be fairly modest in its food requirements, doing quite as 
well on a two or three per cent concentration of malt sugar as it did on six or eight 
per cent, and failing to thrive at all at higher concentrations. 

It was greedy for oxygen, however, growing much faster when a stream of pure 
oxygen was passed through its tube than when it was given only air. But on a mixture 
of half oxygen and half carbon dioxide its growth was considerably retarded. It grew 
best at temperatures between 68 and 77 degrees Fahrenheit. 

Light had a powerful effect on it. Without the shorter-wave visible rays—the blue 
end of the spectrum—it did not develop the purple color that is its most marked char- 
acteristic. Ultra-violet light, however, had no stimulating effect, and in repeated doses 
even retarded development. 

Miss McCrea made physiological tests of the ergot growths she raised, and found 
that they produce most of the effects characteristic of natural ergot, though somewhat 
less powerfully. The reactions averaged from 40 to 75 per cent of those obtained with 
the same concentrations of natural ergot. 

In making these tests, however, she had to use the whole vegetative growth of her 
cultures, for they did not produce the full-grown fruiting bodies which are the only 
source of commercial ergot at present. 

Miss McCrea also made two attempts to infect growing grain with ergot, with the 
idea that its field cultivation might be undertaken. At present, commercial ergot is 
obtained solely by hand-gathering of wild growths on grain, especially rye, and wild 
grasses. Because of the great amount of hand work involved, and the high cost of 
labor in this country, American production of ergot is unprofitable. However, the field 
experiments did not yield particularly encouraging results, and Miss McCrea concludes 
that if it ever becomes desirable or necessary to raise ergot in this country, the labora- 
tory method is the more promising. 

A full technical account of Miss McCrea’s work is contained in a recent issue of the 
.!merican Journal of Botany.—Science Service 





Abstracts 


APPARATUS, LABORATORY PRACTICE, AND DEMONSTRATIONS 


A Simple Buret without Faucet. P. ¢ 
TotcuKxov. J. Chem. Ind. (Russia), 6, 207-3 
(1929); Chem. Abstr., 24, 5537 (Nov. 20 
1930).—‘‘For the use of this buret for solu 
tions which need to be kept out of contac: 
with air, either of the arrangements shown iti 
the diagrams may be used. The first ar 
rangement allows for filling the buret by 
gravity, and the second by suction applied t: 
the arm of the glass tube.” M. W. G. 
An Improved Victor-Meyer Molecular- 
Weight Apparatus. M. M. Hicxs-Bruun 
Bur. Standards J. Research, 5, 575-83 (1930); Chem. Absir., 25, 235 (Jan. 20, 1931) — 
‘‘Berthelot’s method of limiting density is made use of in ’ determining the molecular 
weight of hydrocarbons, eliminating to a large extent the effects of departure from the 
perfect gaslaws. A modified Victor-Meyer molecular-weight apparatus and the technic 
employed in its use are described. The modification avoids the difficulties of local tem- 
perature differences and permits measurements at two pressures, 1 atmosphere and 0.5 
atmosphere. Experiments with hydrocarbons gave molecular weights differing from 
the theoretical by the following deviations: benzene, 0.2%; hexane, 0.24%; naphtha- 
lene, 0.06%.” M. W. G. 
A Convenient Hydrometer for Determining the Specific Gravity 
of Heavy Liquids. A.C. Tester. Science, 73, 130-1 (Jan. 30, 
1931).—The hydrometer is made of glass tubing with a ball float 
near one end and just above a liquid chamber A. The figure shows 
the hydrometer in the inverted position as it is placed in a column of 
water and the scale is read. A small amount of mercury B is used 
as a balancer, and is sealed in the glass stopper C which fits in the 
liquid chamber. A scale D with graduations from ten to twenty- 
five grams, sub-divided in tenths, is contained in the long glass 
rod. The liquid chamber or cylindrical bulb is marked to show the 
level of five grams of distilled water at 20°C. The glass stopper 
is ground for tight fitting when the hydrometer is inverted in a 
cylinder of water. 
To determine the specific gravity of a liquid which is between 
2.000 and 5.000, the liquid chamber A is filled with the liquid to the 
level marked on the bulb, the stopper put into place securely, and 
then the whole is inverted and floated in distilled water in a tall 
cylinder. A 1000-cc. cylinder of six or seven cm. diameter is satis- 
factory. The bottom of the meniscus of the water is read on the 
graduated scale of the long glass tube and this value divided by five 
(the gram units of the water capacity of the bulb) gives the specific 
gravity of the liquid. 
A description is also given of the use of this instrument to de- 
termine the specific gravity of solid particles. G. H. W. 
Practical Forms of Siphon for the Laboratory. P. Fucus. 
Chem. Fabrik, 1930, 173-5; Chem. Abstr., 24, 3137 (July 10, ag: a 
“Six forms are described. ig M. W.G 
New Type of Dewar Flask for Use as a Calorimeter. W. 
L. Watton. Proc. Phys. Soc. (London), 42, Pt. 3, 226-38 (1930); 
Chem. Abstr., 24, 3137 (July 10, 1980).—‘‘A vacuum flask in which 
the inside glass vessel is replaced by a similar copper vessel can be 
used as a calorimeter. The conditions necessary for accurate meas- 
urements are described. A discussion is given.” M. W. G. 
A Eudiometer Transferrer. O. L. Barw. Hormone, 5, 39 
(Feb., 1931).—A transfer of a eudiometer may be made by the use 
of a 20-cc. iron crucible which eliminates any danger of entering air. 
The handle from a deflagrating spoon may be riveted on to the iron 
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crucible and in this way the crucible provides a support as well as a seal for the 
eudiometer. R: L. H. 

A Precision Leveling Bulb. W. P. Munro. Chem. 
Analyst, 20, 20 (Jan., 1931).—In gas analysis it is difficult to 
inatch the Hg in the buret with that in the reservoir. To 
‘liminate this a side arm with a diameter close to that of 
the buret is used, as shown in the diagram. Bb C.. b. 

An Air-Thermostat for Corrosion Research. U. R. 
Evans. Chem. & Ind., 50, 66-7 (Jan. 23, 1931).—Dia- 
grams and details of construction for a motor-stirred, elec- 
trically heated and regulated air-bath are given. 

E. R. W. 

Amber Laboratory Apparatus. C. PLONAIT AND A. 
EISENACK. Chem. Fabrik, 1930, 422; Chem. Abstr., 25, 1 
(Jan. 10, 1931).—‘‘Test tubes, beakers, and dishes made 
from pressed amber are almost completely resistant to con- 
centrated HF and to 50% KOH solution at water-bath | 
temperatures.” M. W. G. | 

Storage Bin for Laboratory Glassware. C.S. MunpceE. 

Am. J. Pub. Health, 20, 1141 (1930); Chem. Abstr., 24, 5537 (Nov. 20, 1930). M.W.G. 

Cleaning Pyknometer. A. W. Baker. Chem. Analyst, 20, 20 (Jan., 1931).— 
Pyknometers with ground-in thermometers are often cleaned with difficulty due to the 
thermometer sticking. If a layer of adhesive tape found in the ‘‘First-Aid Cabinet’’ is 
wrapped about the stem of the thermometer, and the loose end gripped or wrapped about 
the fingers, the thermometer is readily removed. In this laboratory no thermometers 
have been broken while this method was used. BeG.E. 

Methods of Preventing Foaming. L. Hart. Chem. Analyst, 20, 9 (Jan., 1931).— 
The method to be used often depends on the subsequent treatment of the residues after 
boiling or distillation. The following methods may be used: 1. Addition of sufficient 
sodium bisulfate to convert the soap into fatty acid. 2. Add 2-5 g. lump rosin. 3. 
Add 5 ce. oleic acid, or lump paraffin or mineral oil. 4. Add soluble Ba or Ca salt to 
convert any soaps into insoluble soaps. 6. Add amyl alcohol. In water determina- 
tions, the reagent must be anhydrous. Be. BE. 

A Lecture Experiment with Liquid Oxygen. H. Kerrrer. Physik. Z., 31, 742-3 
(1930); Chem. Abstr., 24, 5546 (Nov. 20, 1930).—‘‘By evaporating liquid oxygen from a 
test tube at a rapid rate by suction with a water pump, air in an enclosing tube will con- 
dense and form liquid air in the outer tube.” M. W. G. 

Simple Heat Experiments. E.BLanxk. Sci. & Inv., 18, 909, 925 (Feb. 25, 1931).— 
Directions are given to stretch iron, wire, a thin bar of copper, or a steel rail without 
pulling at either end; how to cool water below freezing point without having it turn to 
ice, and how to make a realistic geyser. BE. be €: 

Reactions with Liquid Chlorine. J. MEYER AND W. Avticu. Z. angew. Chem., 
44, 21-3 (Jan. 3 1931).—The chemical action of liquid chlorine toward metals and non- 
metals has been studied a number of times at temperatures near the boiling point of 
chlorine. The authors made a similar study at room temperature and higher tempera- 
tures. 

The reaction chambers were glass tubes made from Jena glass. They had an inside 
diameter of 8 mm. and a wall thickness of 25 mm. These tubes which were about 25 
cm. long were sealed at one end and constricted at the other end so that they could be 
closed easily after the introduction of the mixture. The tubes were placed into a Wein- 
hold vessel filled with carbon dioxide and acetone and carefully dried chlorine was passed 
from a cylinder through a capillary tube until the tubes where the gas was condensed. 
The volume of chlorine was known from the height of the liquid column. A weighed 
quantity of a metal or non-metal was introduced and the open end of the tube was sealed. 
Then the tubes were placed in an iron tube. In this way the tubes could be heated 
to the critical temperature of chlorine, 140°C., without breaking. The following re- 
sults were obtained: 

Vanadium: No action at the boiling point when exposed to liquid chlorine for two 
daysin an opentube. Addition of traces of water and iodine had no effect. The finely 
divided metal reacts at a little above 0°C. to form vanadium trichloride, VCls. When 
liquid ammonia was added to the product of the reaction, a reddish brown hexamine salt, 
(NH4)3sVeCls, was formed which on exposure to humid air gradually changed to the 
green hexaquo salt, (H.O);VCl;. Vanadium tetrachloride could not be obtained with 
liquid chlorine at all. 
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Platinum: Practically no action when heated to a temperature of 90°C. for four 
hours. The authors conclude that the dissolving action of aqua regia on platinum as 
well as the noticeable action on platinum electrodes during the electrolysis of chlorides is 
due to the presence of the more active atomic chlorine. 

Gold: The powdered element, obtained by the action of iron sulfate on chlorauric 
acid was heated with liquid chlorine to a temperature of 80°C. On opening the tube the- 
excess chlorine evaporated and a yellowish brown substance remained which was strongly 
hygroscopic and easily soluble in dilute hydrochloric acid. Hence, gold trichloride had 
been formed. 

Silver: Dry powdered silver is not attacked at all when exposed to liquid chlorine 
at room temperature for two days. When heated to 80°C. for six hours a very slight 
amount of silver chloride is formed. A mere trace of water, however, brings about a 
nearly complete reaction at 80°C. 

Lead: Practically no reaction at room temperature when only a trace of lead di- 
chloride is formed. The addition of carbon tetrachloride gave no larger yield even when 
heated to a temperature of 320°C. 

Chromium: WNoaction with dry chlorine at room temperature and at 100°C. Like- 
wise no action with moist chromium at room temperature. On heating the wet mixture 
with liquid chlorine to 80°C., a greenish powder was obtained which was analyzed and 
found to be CrCl. 

Manganese: No action with dry chlorine at room temperature and at 100°C. In 
the presence of moisture a yellowish white powder was formed at room temperature which 
was found to be manganous chloride. 

Silicon and Boron: No reaction whatever even at elevated temperatures. 

Tellurium: The element is converted nearly completely to the tetrachloride, TeCl,, 
at —80°C. even when the liquid chlorine has been diluted by the addition of carbon tetra- 
chloride. 

Selenium: ‘The tetrachloride is formed at —80°C. L. S. 

Micro-Organic Derivatives in Qualitative Organic Analysis. P. A. Kierr. JHor- 
mone, 4, 182-8 (Nov., 1930).—By the use of melting tubes ordinary laboratory processes 
and reactions may be performed with a few milligrams of the product and the same re- 
sults accomplished as in similar practices on a very large scale. When a liquid is to be 
examined it may be introduced into the melting tube by the use of a medicine dropper 
drawn to a capillary. Use of capillary tubes as reaction chambers is described in full 
with illustrations. RebscEs 

Don’t Be Afraid of the Microscope. E. R. Scnwarz. Textile World, 79, 32-4 
(Jan. 24, 1931).—This is a discussion of the correct time of exposure and proper use of 
filters in obtaining valuable results when photographing textiles. A nomograph, which 
has been devised by the author, for determining time of exposure in making photomicro- 
graphs is given. The chart also prepared by him to show the effect of various filters is 
given. The general technic developed to show important characteristics of textiles 
which are third dimensional is discussed and two methods which have been found par- 
ticularly satisfactory by the author are described in detail. Ko 2. C. 

Textile Microscopy. H. Exuis. Textile Recorder, 48, 28-31 (Jan. *. cw — 
Cf. J. CHEM. Epuc., 8, 735 (Apr., 1931). 

The Formation of Carbon Disulfide from Hydrogen Sulfide and Coike. be tS. 
DRAKELEY AND W. J. BAKER. Chem. & Ind., 49, 475-8T (Dec. 19, 1930).—Carbon 
disulfide may be formed by the action of hydrogen sulfide on charcoal or coke, the most 
favorable temperature range when wood charcoal is used is 700° to 850°; when coke is 
used the most favorable temperature is 800°, and the coke should be carbonized between 
750° and 850°. The yields are very small, E.R. W. 

Story of Chemical Apparatus. See this title, page 987. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


The Work-Test Book Idea in Science Teaching. ANon. Sci. Classroom, 10, 1 
(Feb., 1931).—The traditional class recitation is passing. One reason for this change is 
that it could not and did not recognize individual differences. In an effort to remedy 
this weakness various changes including supervised study and project assignments have 
been tried. Such phrases as the ‘“‘Contract Plan,’ the ‘‘Dalton System,” and the ‘“‘Unit 
Method” also designate experimental attempts to recognize the individual. 

The most recent expression of this evolution toward individual recognition is com- 
ing from the press in the form of so-called ‘‘work books.” In these the course is divided 
into a series of units and these in turn into a suitable number of problems. The pupil 
attacks his assignment by following the directions in his work book. This indicates 
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specific readings in the basic text and other reference books, suggests pertinent points in 
the teacher’s class presentation, presents experiments that are germane, provides prob- 
lems of application, and finally a mastery test for each unit. There are already such 
books available for general science and physics. B.C. Hi; 

Some Observations on the Practical Value of Talking Pictures in Visual Education. 
L. B. Tyson. Educ. Screen, 10, 6-7 (Jan., 1931)—Certain disadvantages of the silent 
picture may be mentioned, as: an audience, unless greatly interested, is prone to be 
inattentive and to talk to their neighbors; the silent educational picture was frequently 
too much like the illustrated printed word; and no coérdinated program was followed in 
their making. Several large corporations, who have undertaken the production of edu- 
cational talkies, have created boards composed of some of the foremost educators, whose 
duty it is to codrdinate the production of the films to a definite program and to supervise 
the actual production. Pictures are not released until pre-viewed by these boards. 

i. FF. B. 

Educational Sound Films. See Digest, page 972. 

What Is a Chemical Bond? I. Hacxn. The Contact Point, 8, 111-3 (Dec., 
1930).—The various concepts of the chemical bond are reviewed and symbols for chemical] 
bonds are suggested to show the homopolar, hetero-polar, and the coérdinate bonds. 

Re LE. Bie 


Teaching Topics on Narcotics. J. Natl. Educ. Assoc., 20, 61-4 (Feb., 1931). 
This material is taken from ‘‘Health Education: A Program for Public Schools and 
Teacher Training Institutions” by Dr. T. D. Woop.—Instruction concerning alcohol, 
tobacco, and other narcotics should be taught by facts and illustrations; not by exhorta- 
tion. Facts taught should be graded to meet interest and psychological development of 
pupils. The author divides these facts into those appropriate for ages 6 to 8, 9 to 11, 
12 to 14, and 14to18. For the individual of ages 14 to 18 points of view should be used 
of youth’s own dominant interests, as self-esteem, desire for strength, freedom and ca- 
pacity for self-support; for the group, laws of teamwork and loyalty in friendly coépera- 
tion with others for the welfare of everybody. Special attention should be given to na- 
ture and effects of alcohol and relation of these effects to conditions of modern living. 
Tobacco, narcotic drugs, alcohol, home and social relations, personal and public health, 
and law of loyalty and helpfulness are discussed separately. A bibliography of nine teen 
books is given. A.E 

Dielectric Constants. VA. ZAVARELLA. Hormone, 4, 177-81 (Nov., 1930).—The 
meaning of dielectric constants is explained in non-technical terms and illustrated by 
drawings. Re ELH. 

A Chemistry Club Banquet. J. J. Conpon. High Sch. Teacher, 7, 67 (Feb., 
1931).—The chemistry classes of Nottingham High School, Syracuse, N. Y., put on a 
banquet in their laboratory, in which most of the menu was prepared by the students 
themselves in their own laboratory apparatus. One 40-minute period was utilized in the 
preparation of the meal, while the other period was used for the dinner, speeches, dish- 
washing, etc. It is necessary that a committee work out details carefully in order to 
eliminate lost motion that would otherwise mar the success of the party. H. T. B. 

History of Science Source Material in College Libraries. E. H. JoHnson. Sci- 
ence, 72, 340-1 (Oct. 3, 1930).—J. makes several suggestions whereby valuable source 
material in science might be brought to the attention of those interested. M. W. G. 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Planning a New Chemistry Building. See this title, page 989. , 

The Undergraduate and Graft. G. H. Smiru. Sch. Exec. Mag., 50, 264 (Feb., 
1931).—As a working definition graft in undergraduate circles is defined as receiving 
payment, both monetary and position, without having the proper authority or sanction 
of those to whom you are responsible; or without having rendered service worthy of 
the payment. 

Of forty-five institutions canvassed only sixteen reported that graft in this sense is 
apparently non-existent or is not very common. These were small colleges where there 
is class supervision and very little money passes through undergraduate hands. 

The undergraduate extracurricular activities in which students make money may be 
summed up in four general classes: publications, dramatics, athletics, and political ac- 
tivities. The worst cases in connection with political activities are dance committees. 

The college has a real responsibility to do what it can to check and control graft. 
The best plan is to have some university official supervise all contracts. Jj. W. Hy. 
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KEEPING UP WITH CHEMISTRY 


The Progress of American Chemistry since the Outbreak of the World War. 
W. A. Hamor anv L. W. Bass. Ind. Eng. Chem., 23, 10-4 (Jan., 1931).—This is a 
supplement to Browne’s list covering 1557-1914, published in the same journal in 1926. 
This list aims to give the outstanding incidents in chemical industry and profession. 
It includes (1) notable chemical inventions and discoveries: (2) the beginnings of the 
manufacture of new chemical products of importance; (3) outstanding novel changes in 
established chemical manufacture; and (4) other events of major interest to the chemical 
profession, such as medal awards, establishment of new periodicals, organization of new 
societies, noteworthy scientific meetings and celebrations, and new laboratories. Cover- 
ing 17 years it contains over 350 individual points of interest and importance. 

D 


; Co. L. 
The Chemical Kaleidoscope for 1930. Ind. Eng. Chem., 23, 4-9 (Jan., 1931).— 
This is discussed under several different headings: (1) Business Conditions, shows that 
the chemical group was less affected by the depression than others, as shown by foreign 
trade statistics. In contrast to 1921, most research staffs have been retained. (2) 
International Chemical Situation. The Chilean nitrate industry has been merged and 
expects to reduce costs 40%. The United States was ninth in production in synthetic 
ammonia in 1929, but is expected to rank second only to Germany in 1931. Two firms 
are actively engaged in potash production in Texas and New Mexico. The hydrogena- 
tion of petroleum and tar has become a commercial reality, the German company pro- 
ducing 100,000 metric tons from lignite tar. Little success resulted from attempts to 
control rubber, zinc, and tin outputs. The disaster of the R-101 emphasized the necessity 
of helium, with the U.S. having avirtual monopoly. A natural gas containing 7% helium 
has been discovered in Colorado. The discovery of element 87, the second to be dis- 
covered in America, was reported. (3) Industrial Chemistry and Chemical Engineering. 
The production of synthetic ethanol and ethyl ether was begun on a commercial scale. 
Synthetic methanol attacked the anti-freeze market. In 1931, alcotate will replace 
methanol as a denaturant for completely denatured alcohol. Higher alcohols are now 
produced synthetically from water gas. Increased interest was shown in the use of di- 
phenyl as a heat transfer agent. Dichlorodifluoromethane was found to be superior to 
most fluids now being used in refrigeration, being non-toxic, non-corrosive, and non- 
inflammable. Vanadium catalysts with Ca as a promoter were reported as giving 98% 
conversion. The Aston process for wrought iron was introduced industrially. Beetle 
resins were developed and a new insulating material ‘‘Alumino Hi-Temp”’ was brought 
out. Solid carbon dioxide was manufactured in the tropics and shipped out, and latest 
freezing methods were applied to freezing goods in small packages ready for distribu- 
tion. Big advances were made with the photoelectric cell and television. Straw, wood 
waste, etc., are being utilized in making insulating board. Peanut hulls may be an im- 
portant raw material in rayon manufacture. Attempts are being made to utilize the 
temperature differential between the surface and bottom of the ocean for power purposes. 
(4) Mergers in the U. S. (5) Some Important Patent Decisions and Court Actions. 
(6) Chemistry and Human Life. The National Institute of Health was created to take 
the place of the Hygienic Laboratory. The first gift to the Institute was one of $100,000 
by The Chemical Foundation, Inc. It is believed that the organism causing colds has 
been isolated. It is reported that the sex hormone has been isolated. This hormone, 
named ‘‘progynon”’ is believed capable of restoring the function of the reproductive or- 
gans. A high-protein food free from undesirable constituents can be produced from cot- 
ton seed at a cost of about one and one-half cents a pound. More or less humorous com- 
ments have greeted the entrance of the chemist into the group of testimonial signers. 
(7) New Laboratories. A brief description of new industrial and university labora- 
tories. (8) The American Chemical Society. (9) Deaths. (10) Medals and Awards, 
giving a list of 18 medals, together with the men to whom they were awarded and their 

achievements. DC. L. 
American Chemical Industry during 1930. Chem. Age, 23, 549-50 (Dec. 13, 
1930).—This brief review contains an account of how the great American chemical in- 
dustry fared during 1930, with some interesting comparisons between the production of 

the chemical and the general industries of the country. E. R. W. 
Recent Advances in Science. Sci. Progr., 25 (Jan., 1931). Organic Chemistry. 
J. N. E. Day. Pp. 389-92.—Summarization of recent work on the structure of metallic 
complexes of oximes, on structure of compounds containing bivalent carbon, on prepara- 
tion of cycloselenopropane, anthracene derivatives, on rearrangement of alkylanilines 
to aminoalkylbenzenes, on ease of formation and stability of decahydronaphthalene. 
Biochemistry. P. EGcLeEToN. Pp. 393-8.—Review of recent work on enzyme chem- 
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istry, pH and rH, hexosephosphates and phosphotoses. Physical Chemistry. ae K. 
SCHOFIELD. Pp. 398-403. —Contact catalysis is discussed. AE, 

Practical Atomic Weights 1931. Chem.-Zig., 55, 51 (Jan. 17, 1931).—The German 
Atomic Weight Committee consisting of M. Bodenstein, O. Hahn, O. Hénigschmidt 
(chairman), and R. J. Meyer published a revised table of practical atomic weights in 
which the following changes had been made: As = 74.93 instead of 74.96; T = 181.36 
instead of 181.5, and Re = 186.31 instead of 188.7. LS. 

Safeguarding against Deadly Gases. C. Moran. Compressed Air Mag., 36, 
3360-1 (Jan., 1931).—A brief discussion of some of the methods used by industrial con- 
cerns and by the government to warn workers when toxic gases are present in a dangerous 
concentration. E. R. W. 

Navy Rids Airplanes of Deadly Gas. J. N. Mititer. Pop. Sci. Mo., 118, 31 
(Mar., 1931).—Tests made show that open-cockpit planes permit carbon monoxide gas 
from the plane’s engine exhaust to get to the aviator. The tests were made upon the 
blood of the pilot after his flight and upon samples of air taken from the cockpit during 
flight. The blood was mixed with tannic and pyrogallic acids and water. If no carbon 
monoxide was present the color was gray, if the toxic gas was present it turned the acids 
in the blood pinkish. i 20a) 3 

Silica Gel. ANon. Chem. Age, 24, 74 (Jan. 24, 1931).—As a direct result of the 
gas warfare, an adsorbent material, silica gel, important in many industrial processes, 
has been studied and developed. E. R. W. 

Silicates in the Patent Office. Anon. Silicate P’s & Q’s, 11 (Feb., 1931).—‘‘The 
progress of science and technology is a complex of the thought and labor of many workers. 
Some make their contribution by revealing great underlying principles’ which hosts of 
lesser folk apply to specific cases. Governments, by granting monopolies to inventors, 
have fostered individual research. A few of the patented processes or materials in which 
silicates of soda are used are: the treatment of hides preparatory to the depilatory proc- 
ess in the tanning industry; as a cleansing agent for articles such as woodwork, tapes- 
tries, rugs, etc.; as an ingredient for rectifier electrolytes; in quick-setting insoluble 
plastics; and as an opalescent coating for glass. Horo u, 

Interesting Sources of Natural Dyestuffs. C. D. Meri. Textile Colorist, 53, 
30-2 (Jan., 1931).—The mesua ferrea tree of India, the yellow Hercules tree of Jamaica, 
a black stain from the alligator pear, and a bright yellow dye from common heather are 
described. E.L.C¢ 

Elementary Chemistry and Manufacture of Synthetic Yarns. C. E. MuLtin. 
Textile Colorist, 53, 48-52 (Jan., 1931).—Miullin gives a brief elementary discussion of 
the chemistry and processes involved in the manufacture of nitro, cuprammonium, vis- 
cose, and acetate yarns. Bada €. 

Pure Water—-Best of All Drinks. G.C. WuIppLe AND J. F. Norton. Hygeia, 9, 
139 (Feb., 1931).—Ideal water is said to be ‘‘attractive in appearance, tasteless, odorless, 
does not corrode distributing pipes, is comparatively soft and does not contain any in- 
gredient, such as iron, in quantity sufficient to make it unsuitable for manufacturing 
purposes.” . . 

“A first characteristic of water to be used for drinking, . . . cooking, etc., . . . is free- 
dom from germs of disease . . . neither should it contain any poisonous metals, such as 
lead.”” Waters which are not carefully guarded from germ contamination may serve to 
spread Asiatic cholera, dysentery, and typhoid fever. 

Yet water may be nauseatingly odoriferous and still harmless, as sulfurated water, 
or it may be clear and sparkling and still poisonous with lead or germs. These possi- 
bilities but point to the need for proper analysis from time to time to know just what 
health hazards or economic menaces the water supply of any community may —— 

B. C.H. 


We Need Pure Air. B.BrHREND. AHygeia, 9, 155-8 (Feb., 1931).—Air is termed 
pure or good when it is roughly 79% nitrogen, 20% oxygen, 0.04% carbon dioxide, and 
rarer gases in fractional amounts. 

Larger amounts of oxygen may be breathed by healthy people without unusual 
results. When there is too little of it various physiological results may be noticed such 
as quickened pulse and respiration rate, headache, and mental cloudiness. Habitual 
lower oxygen content may develop the so-called ‘“‘barrel chest” and an enormous increase 
in number in the red blood corpuscle count. 

Larger amounts of carbon dioxide than that in “‘good air’’ also increase respiration 
rate. It is sometimes administered for that purpose by the physician. It is always 
essential as a stimulant of the respiratory control center. 

Nitrogen as a dilutant becomes embarrassing to the breather when the air is com- 
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pressed for use in submarines or in diving bells. Under great pressure it may collect in 
the tissues of the body and unless the worker is changed to a lesser pressure very gradu- 
ally he becomes the victim of “‘diver’s paralysis.” 

Among the most menacing ingredients are obnoxious or poisonous gases such as 
carbon monoxide and germ-laden dust. 

A beginning has been made in many public buildings and large private business houses 
toward conditioning air for purity, humidity, and temperature. B.C, Ei. 

Selenium, Its Properties and Uses. R.M.Santmyers. Chem. Markets, 28, 46-8 
(Jan., 1931).—Selenium is similar to sulfur in its reactions in that it has allotrop c forms 
and it lies even closer to the border line between metals and non-metals. It occurs as a 
by-product in the refining of copper and lead and from the manufacture of sulfur from 
pyrite. At present the only possible use for selenium which may increase its demand 
is in the rubber industry. The property of selenium having a lower electrical resis- 
tance in the presence of light has enabled the development of the selenium cell. The 
action is not instantaneous and for this reason inferior to the potassium cell. The 
selenium cell has many applications as in the optophone which enables the blind to read 
ordinary type by ear, controlling the self-lighting buoy, subway, tunnels, etc. Selenium 
is much used in decolorizing glass and for the production of ruby glass. Selenium 
oxychloride is one of the most powerful solvents known. Reb. 

Emulsions and Their Practical Applications. H. A. Nevi1e. Chi Beta Phi 
Record, 5, 51-7 (Feb., 1931).—It is possible to have eight types of colloidal dispersion by 
the various mixtures of the three different states of matter. It is possible to have a fairly 
stable emulsion containing only one or two per cent of the dispersed phase. An emulsi- 
fying agent is necessary for the preparation of more concentrated and more stable 
emulsions. A formula is given from which the spreading coefficient of the liquid may be 
calculated providing the surface tension of the two liquids and the interfacial tension at 
the junction of the two liquids are known. The chemical reactions are known to be 
accelerated by emulsions which increase the area of contact. Rm LL. oe 

X-Ray Analysis of Bone and Teeth. H.H. Roseserry, A. BAarrp HASTINGS, AND 
J. K. Morse. J. Biol. Chem., 90, 395-408 (Feb., 1931).—Conclusions reached were as 
follows: ‘‘(1) X-ray spectrograms of bone indicate that it has a crystalline structure. 
(2) Estimations of the spacing between the planes and the intensities of the lines indi- 
cate that bone has a crystal structure fundamentally the same as that of other members 
of the apatite series. (8) Since chemical analysis indicates that the chemical composi- 
tion of untreated bone is similar to that of the mineral dahlite and since X-ray spectro- 
grams indicate the similarity in the crystal structure of bone enamel, and dahlite, it is 
concluded that the calcium salts of bone and enamel may be represented by the formula: 
CaCOs;-nCa3(POx.)2, where is not less than 2 nor greater than 3. (4) No evidence is 
found that CaHPO, or CaCO; exists in bone or teeth assuch. (5) Ca;(POs), is crystal- 
line and seems to belong to the apatite series. (6) The unit crystal cells of enamel have 
a random distribution irrespective of the histological elements, the so-called rods and 
prisms. (7) The diffraction lines can possibly be accounted for on the basis of a close- 
packed -hexagonal lattice which when referred to orthorhombic axes has the lattice con- 
stants: a, = 20.8 X 107° cm., b. = 12.0 X 1078 cm., ¢. = 8.82 XK 1078 cm.” 

So. A. L. 

Crystals. W. Bracc. Sci. Mo., 31, 338-40 (Oct., 1930).—A radio talk delivered 
by Sir William Bragg over the Columbia broadcasting system. M. W. G. 

Further Observations on the Relation of Carotene to Vitamin A. B. Anmap. 
Chem. & Ind., 50, 12T-14T (Jan. 9, 1931).—The vitamin-A activity of palm oil is due to 
carotene, the pigment of the oil. This activity is destroyed by hydrogenation which 
also destroys the carotene. When oil is decolorized by adsorption the vitamin A activity 
is destroyed. The vitamin A activity of cod-liver oil is not destroyed by treating with 
adsorbent charcoal. The vitamin A activity of these two types of oils must be essen- 
tially different. E.R. W. 

Some Industrial Fermentations. H. T. Herrick. Chem. Bull., 18, 35-9 (Feb., 
1931).—Certain types of fermentation reactions were known to the ancients, but the 
great development of the method has come about in the last thirty years. Fermentations 
are produced by bacteria, yeasts, or molds. The essential factors in a workable biochemi- 
cal process are: (1) the raw material, which should be able to support the actions of 
the microérganism, should be cheap, and should be of uniform and known composition. 
(2) The organism, which must be capable of performing the desired work, must be 
hardy, and must do its work in reasonable time, (3) the process, which involves considera- 
tion of apparatus and the isolation and purification of the product. 

Some reactions are oxidations in which case the work is performed by the organisms, 
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others are hydrolytic in nature and are carried out by a secretion from the organism. 
The productions of alcohol, butyl alcohol-acetone, glycerol, citric acid, gluconic acid, 
gallic acid, fumaric acid, and kojic acid are discussed in some detail. Het: B. 
The Manufacture of Synthetic Resins. L. V. RepMan. Can. Chem. & Met., 15, 
13-5 (Jan., 1931).—Considerable research has been made since Baekeland’s discovery 
of the reaction between phenol and formaldehyde. Many of the phenolic resins are 
soluble in air-drying oils and thereby produce a varnish far superior to the varnishes 
obtained by the use of natural resin. The synthetic resins have an important use in 
electrical appliances and chemical industries where a resistance to acid corrosion is 
necessary. The flexible resinoid has been provided in response to a special need. The 
flexibility has been obtained through the employment of phenol derivatives or by addi- 
tion of plasticizers. R. Eo 
The Manufacture of Photographic Lenses. R. S. GumForp. Glass Ind., 12, 
23-7 (Feb., 1931).—This is a report on the ‘‘present state of the art’’ as practiced by the 
Eastman Kodak Co., given by the superintendent of the glass-working division. Many 
types of lenses are made, varying from the finder lens in a box type camera to the huge 
compound lenses used in aerial survey work. The amazing number of steps required 
to make lenses from the first work done in the scientific and computing department to 
the final one when they are ready to be mounted are described in detail. Good illustra- 
tions. Bek. &. 
Manufacture of Rolled Plate. E. Lutz. Glass Ind., 12, 30-5 (Feb., 1931).— 
This article contains a rather technical discussion of the manufacture of plate glass. 
Translated from German. Profusely illustrated. To be continued. E. Lw.€ 
The Preparation, Properties, and Uses of Glycerol Derivatives. Part II. Acetals, 
Amines, and Resins. A. FAIRBOURNE, G. P. GiIBSON, AND D. W. STEPHENS. Chem. 
& Ind., 49, 1069-70 (Dec. 19, 1930).—Brief directions are given for the preparation of 
some glycerol derivatives; their solvent actions and solubilities are discussed. 
E.R. W. 
Mining Limestone for Use in the Making of Beet Sugar. C. H. Vivian. Com- 
pressed Air Mag., 36, 3362-5 (Jan., 1931).—More than 250,000 tons of limestone are 
used annually by the Great Western Sugar Company in the purification of beet sugar. 
This article contains a well-illustrated description of the mining process; with a brief 
discussion of the use of lime in the preparation of beet sugar. E. R. W 
Tanning Leather for Special Services. A.S. Taytor. Compressed Air Mag., 36, 
3400-4 (Feb., 1931).—An interesting description of the tanning of leather. The article 
is well illustrated. E. R. W. 
Developments in the Production of Lead Alloys. ANon. Chem. Age, Mo. Met. 
Sect., 24, 1-2 (Jan. 8, 1931).—For use in the chemical industries sheet lead of 99.99% 
purity is now produced. Lead alloyed with small amounts of tin or antimony is largely 
used for cable sheathing. The production of lead-calcium alloys is described; these alloys 
have a very high tensile strength. E. R. W. 
Some Properties of Protective Films on Metals. E.S.Hrpcrs. Chem. & Ind.,50, 
21-5 (Jan. 9, 1931).—The protection against corrosion offered by oxide or salt films on 
the surfaces of metals is determined by the physical as well as by the chemical properties 
of the film. The specific volume of the film should be less than that of the metal, and 
the specific adherence should be great, the solubility should be small, and the rate of solu- 
tion should be low. In addition to these properties the film material should of course 
be inactive chemically. E. R. W. 
Natural and Artificial Gums. W.NaGeL. Chem. Age, 24, 72-3 (Jan. 24, 1931).— 
This article contains a general discussion of the relative merits of natural and artificial 
gums and the extent to which the synthetic may be expected to displace the natural 
; E. R. W. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


The Discovery of the Gas Laws. III. The Theory of Gases and van der Waals’ 
Equation. W.S. James. Sct. Progr., 25, 232-9 (Oct., 1930); Chem. Abstr., 24, 5545 
(Nov. 20, 1930).—‘‘An historical résumé of the theory of gases, and of attempts to derive 
a formula connecting the pressure, temperature, and volume of a given mass of al 

M. W. G. 

The Chemistry of Disinfection. W. D. Bancrorr aNp G. H. RIcHTER J. 
Phys. Chem., 35, 511-30 (Feb., 1931)——Authors offer theoretical interpretation of 
mechanism of antisepsis and of disinfection on the basis of colloidal phenomena, mainly 
coagulation. This point of view is considered logical because, “‘The most outstanding 
and universal physical property of protoplasm is its colloidal structure ... The decreasing 
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stability of the cell colloids in the initial stages of coagulation is associated with the phe- 
nomena of stimulation; the stage of coagulation that is reversible is responsible for the 
inhibition of the activity of the organisms but does not kill them; the state of irreversible 
coagulation is responsible for the death of the bacteria.”” Observations were made with 
the ultramicroscope. ‘‘Antiseptics and disinfectants, like narcotics, can act in either of 
two ways, by directly coagulating the cell colloids, or by interfering with some normal 
function of the cell to such an extent that the accumulated toxic products will cause the 
coagulation. Phenol is an example of the first case and arsenic derivatives seem to be 
of the second type. The mechanism of disinfection consists of two phases, first, the ad- 
sorption of the drug and secondly, the coagulation of the cell colloids.”” Drug tolerance 
is explained on basis of fractional coagulation: adsorption of the drug by the coagulum 
and increased stability of the diluted sol. ‘This does not preclude the possible forma- 
tion of substances which counteract the action of the drug.” S. A. L. 
Some Aspects of the Chemistry of Green Leaf Cells. H. B. Vickery. Sct. 
Mo., 31, 408-21 (Nov., 19380).—This article is a brief review of the work carried out at 
the Connecticut Agricultural Experiment Station in New Haven. A review of Osborne’s 
work on proteins is included. The present methods of leaf cell analysis used are out- 
lined. M. W. G. 
The Raman Effect. G. GrockLer. Sci. Mo., 31, 361-7 (Oct., 1930).—‘‘The 
object of this article is to present the subject of light scattering and to show the relation 
of the Raman effect to other phenomena which have to do with the interaction of light 
and matter.’’ The topics discussed are fluorescence, the nature of light, the absorption 
and emission of light, the Tyndall effect, the Raman effect, and the Raman effect and 
molecular structure. M. W. G. 
The Occurrence of Iodine in Nature. W. Roman. WNaturwissenschaften, 18, 
792-4 (1930); Chem. Abstr., 24, 5545 (Nov. 20, 1930).—“A review with many refer- 
ences.” M. W. G. 
Recent Developments in the Manufacture of Synthetic Resins. L. V. REDMAN. 
Chem. & Ind., 50, 87-90 (Jan. 30, 1931).—A review of recent developments in this im- 
portant field. A table giving the physical properties of some synthetic resins is included. 
This should be valuable as offering a means of comparison of new materials with ac- 
cepted resins, and as suggesting lines of improvement to meet certain needs. 
BE. RW. 
The Grignard Reagent and Its Uses. J. W. VA VERKA. Hormone, 4, 161-70 
(Oct., 1930).—A review article. Ro. i. 


HISTORICAL AND BIOGRAPHICAL 


American Contemporaries. Charles Edward Coates. W. L. Owen. Ind. Eng. 
Chem., 23, 339-40 (Mar., 1931).—An appreciation of Dr. Charles Edward Coates, 
teacher and scientist, dean of the Audubon Sugar School of Louisiana, and known as 
the dean of sugar chemists in the United States. Portrait. DAeoL. 

Boyle. See Story of Chemical Apparatus on page 987. 

Cavendish. See Story of Chemical Apparatus on page 987. 

Glauber. See Story of Chemical Apparatus on page 987. 

Johannes Kepler, 1571-1630. F. Cajorr. Sci. Mo., 30, 385-93 (May, 1930).— 
An interesting account of the work of Johannes Kepler, the mystic champion of inductive 
research. Illustrations. M. W. G. 

On the Trail of von Leeuwenhoeck. J.B. Stein. Sci. Mo., 32, 116-34 (Feb., 
1931).—This article contains an interesting account, well-illustrated, of the life and work 
of Antony von Leeuwenhoeck, the father of microscopy. Cf. Murray, ““A Leeuwenhoeck 
Microscope,” J. CHEM. Epuc., 7, 1671-3 (July, 1930). M. W.G. 

Dr. Robert A. Millikan. Sci. Mo., 30, 90 (Jan., 1930).—Portrait. M. W.G. 

The Monds and Chemical Industry. A Study in Heredity. H. E. ARMSTRONG. 
Nature, 127, 238-9 (Feb. 14, 1931).-—A delineation of the services of the father (Ludwig) 
as a chemist (Solvay process, alkali trade, nickel) and the son as a publicist, in the inimi- 
table style of Professor Armstrong. BOB, D. 

Dr. Harvey Washington Wiley. Sci. Mo., 31, 188 (Aug., 1930).—Excellent por- 
trait, taken when Dr. Wiley was eighty-three. M. W. G. 

Professor Dempster and the American Association Prize. See this title, page 988. 

The Award of the Perkin Medal to Dr. Little. See this title, page 988. 

The Award of the Nobel Prize in Chemistry to Dr. Hans Fischer. See this title, 


page 988. 
The Award of the Nobel Prize in Medicine to Dr. Karl Landsteiner. Sce this title, 
page 988. 
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The Joseph Henry Monument. Sci. Mo., 30, 380 (Apr., 1930).—An excellent 
photograph of ‘‘the Joseph Henry monument recently unveiled in Albany. In the 
background is the Albany Academy where Joseph Henry made his important discoveries 
in electromagnetism. In 1846 he was elected as the first secretary and director of the 
Smithsonian Institution in Washington, and its organization was largely due to him.” 

M. W. G 


Bust of Dr. William T. G. Morton, First Demonstrator of the Anesthesia Caused by 

Sulfuric Ether. Sci. Mo., 31, 283 (Sept., 1930).—Excellent photograph and short note. 
M. W.G. 

The Einstein Institute during Ten Years. See this title, page 989. 

The Discovery of the Gas Laws. III. The Theory of Gases and van der Waals’ 
Equation. See this title, page 985. ‘ 

Microscopy. See On the Trail of von Leeuwenhoeck on page 986. 

Chinese Alchemy. T. L. Davis AND Lu-CH’IANG Wu. Sci. Mo., 31, 225-35 
(Sept., 1980).—Evidence is presented in this paper establishing the priority of Chinese 
alchemy. The early notions of the Chinese regarding the constitution of natural things 
are discussed. Brief accounts of Chinese alchemists and their writings are included. 

M. W. G 


Story of Chemical Apparatus. A. StUsseNGuTH. Chem. App., 17, 133-5, 159-61 
(1930); Chem. Abstr., 24, 4667 (Oct. 10, 1930).—‘‘An historical article describing forms 
of elementary laboratory apparatus. Illustrations are given showing the apparatus used 
for distillations including fractional distillation, acid manufacture, etc. Types used by 
Glauber, Boyle, Cavendish, and others are shown.” M. W. G. 

Discovering Metals in the Alkaline Earths. ‘A Classic of Science.” HumPury 
Davy. Sct. News Letter, 18, 362 (Dec. 6, 1930).—This is a reprint of ‘‘Electro-chemical 
Researches on the Decomposition of the Earths; with Observations on the Metals Ob- 
tained from the Alkaline Earths and on the Amalgam Procured from Ammonia” from 
Philosophical Transactions of the Royal Society, June 30, 1808. 

‘The earths were slightly moistened and mixed with one-third of red oxide of mer- 
cury, the mixture placed on a plate of platina, a cavity was made in the upper part of it 
to receive a globule of mercury . . . the whole was covered by a film of naphtha and the 
plate was made positive and the mercury negative, by a proper communication with the 
battery of five hundred.” 

Further paragraphs describe experiments for purifying the metals, and properties 
of the metals so isolated. A concluding paragraph names the three elements other than 
magnesium as they are now named. For the metal from magnesia he suggested ‘‘mag- 
nium.’ B.C... 

Discovering the Sweet Element. “A Classic of Science.”” NuicHoLtas Louis 
VANQUELIN. Sci. News Letter, 18, 346-7 (Nov. 29, 1930).—A reprint of the original 
report of the author under the title “Analyses of the Aquamarine or Beryl; and the Dis- 
covery of a New Earth in That Stone,” as it was printed in Nicholson’s Journal of Natural 
Philosophy, Chemistry, and the Arts, Volume 11 (1799). 

The author. even though “the analysis of minerals is . . . usually considered of little 
importance’’ is ‘‘of opinion’’ that such work is worthy ‘‘to engage the attention of philo- 
sophical chemists.”’ ‘‘For,”’ he says, “‘they must recollect that it has afforded them the 
solid foundation of their theories.” 

The occasion for this work which led to the isolation of beryllium and the study of 
its properties, was the request of a fellow scientist that he make a chemical comparison 
of beryl and emerald. 

The analysis started with a fusion in “caustic potash,” and a solution of this fusion 
in water and ‘‘muriatic acid.’”’ This last solution was evaporated to dryness, the dey 
residue redissolved in water leaving a residue which proved to be ‘‘silex.’”’ The solution 
from this ‘‘silex’’ residue was treated by ‘‘carbonate of potash,’’ the precipitate from this 
treatment and, after washing, was treated with a solution of caustic potash. Not all 
the carbonate precipitate dissolved, and it was in this insoluble brownish grey residue 
that the ‘“‘new earth” was found. 

Some of the properties of its salts are described in a second memoir included in this 
reprint. Among the ‘‘earth’s” properties listed are; the saccharin taste of its salts, solu- 
bility of its sulfate, solubility in ammonium carbonate, and an activity toward acids 
intermediate between magnesia and alumina. BeClH. 

The Romance of Science in Bygone London. H. G. Way.ine. Sci. Fe 25; 
476-86 (Jan., 1931).—Historical. (To be concluded). W. G. 

The Progress of American Chemistry since the Outbreak of the World War. 
See this title, page 982. 
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EDUCATIONAL MEASUREMENTS AND DATA 


The Student’s Working Load. F. W. REEVES AND J. D. RusseLty. Bull. Ani. 
Assoc. Univ. Profs., 16, 541-3 (Nov., 1930); see J. CHEM. Epuc., 7, 1200 (May, 1930). 
BC. 


CONTEMPORARY NEWS AND COMMENTS IN CHEMISTRY AND EDUCATION 


Mellon Institute. See Industrial Research, Beneficent Arbiter of Modern Progress 
on page 990. 

International Bibliography. S.C. Braprorp. Nature, 126, 551-2 (Oct. 4, 1930).— 
An account of the papers and discussions of the ninth annual conference of the Institut 
International de Bibliographie. 1 ee! 3 a 

American Chemical Industry during 1930. See this title, page 982. 

The Chemical Kaleidoscope for 1930. See this title, page 982. 

The American Association for the Advancement of Science: Reports of the Fourth 
Cleveland Meeting. Science,'73, 137-68 (Feb. 6, 1931). pels Wie 

Professor Dempster and the American Association Prize. Sci. Mo., 30, 375-6 
(Apr., 1980).—A brief account of the work for which Prof. Dempster, professor of physics 
in the University of Chicago, was awarded the American Association prize of $1000 at 
the Des Moines meeting. Photograph is included of Prof. Dempster in his — 

M. W. G. 

The Award of the Perkin Medal to Dr. Little. Sci. Mo., 31, 570-1 (Dec., 1930). — 

This brief note contains an outline of Dr. Little’s career. Excellent portrait. 
M. W. G. 

The Award of the Nobel Prize in Chemistry to Dr. Hans Fischer. P. A. LEVENE. 
Sci. Mo., 32, 190-2 (Feb., 1931).—An account of the work for which Dr. Fischer re- 
ceived the Nobel prize in chemistry for 1930. Portrait. M. W. G. 

The Award of the Nobel Prize in Medicine to Dr. Karl Landsteiner. H. ZINssErR. 
Sct. Mo., 32, 93-6 (Jan., 1931).—A review of the work for which Dr. Landsteiner was 
awarded the Nobel prize in medicine for 1930. Portrait. M. W. G. 

Preliminary Announcement, Fall.Meeting of the A.C. S. See page 991. 

The First Conference on Chemical Education in Japan. See page 992. 

A. C. Langmuir Establishes Award for Fundamental Research. See page 993. 

Andrew W. and Richard B. Mellon Receive A. I. C. Award. See page 993. 

H. C. Fogg Wins Baker Analytical Fellowship. See page 994. 

Dr. Duggan Appointed to League of Nations Sub-Committee of Experts. See page 


Potash Mining Begun in Texas. See page 995. 

German War-Gas Pioneer Aids Search for Defense. See page 995. 

Vitamin D Now Baked into Bread. See page 996. 

Odorless Varnish Recent Invention. See page 996. 

Crystals of Digestive Enzyme Isolated. See page 996. 

Chemical Atom Vibrations Sound Musical Chords. See page 996. 

Yale Expedition to Study in Natural Ocean Laboratory. See page 997. 

Attack on Drug Menace Now Made by Science. See page 997. 

Cambridge University to Study Magnetism in Intense Cold. See page 998. 

Chemists Hail Methyl Freed for Tenth of Second. See page 998. 

Heart of Atom Vibrates, Physicists Discover. See page 999. 

General Education Board Elects New Members. See page 1000. 

The High School Serves the Individual Student. See page 1000. 

World Federation of Education Associations to Meet at Denver. See page 1001. 

Thirteenth Exposition of Chemical Industries. See page 1001. 

Dr. Sidgwick to Give Smith Birthday Lecture. See page 1004. 

Dr. Allison Lectures on X-Ray and Atomic Structure. See page 1004. 

New Micrometallographic Equipment at Cooper Union. See page 1005. 

A. C. S. Membership Awarded to University of Arkansas Student. See page 1005. 

Alabama Academy of Science Meets. See page 1005. 

Iron and Steel Institute to Join Institute of Metals in Visit to America. See page 
1.05. 

Vacation Courses in France, Germany, and Italy. See page 1005. 

Engineers and Educators to Tour Russia. See page 1006. 

Erie Section, A. C. S., Conducts Symposium on Chemical Education. See page 
1007. 

Water Treatment Course at University of Florida. See page 1007. 
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New Chemistry Club at Galloway College. See page 1007. 


FOREIGN CHEMICAL AND EDUCATIONAL CONDITIONS 


The Einstein Institute during Ten Years. K. F. BorrLincer. Naturwissen- 
schaften, 18, 777-8 (1930); Chem. Abstr., 24, 5597 (Nov. 20, 1930).—“‘A short review 
including a list of publications.” M. W. G. 

Planning a New Chemistry Building. R. K. Murpuy. Chem. Age, 24, 27-8 
(Jan. 10, 1931).-—This article contains a brief description of the lighting, ventilation, 
drainage, plumbing, and general layout of the new chemistry building of Sydney Tech- 
nical College. E.R. W. 


GENERAL 


Relativity Passes Three Tests Declared Crucial by Einstein. W. W. CAMPBELL. 
Set. News Letter, 19, 52 (Jan. 24, 1931).—Einstein, when he announced his theory to the 
world, suggested three experiments by which the theory must stand or fall. These 
three experiments were: 1. The theory must remove the discrepancy between predicted 
and observed motions of the planet Mercury. 2. Light from distant stars, in going near 
the sun, should be bent by the gravitational pull of the sun. This phenomenon should 
be observable at times of eclipse. 3. The gravitational pull of the sun should affect 
the outgoing rays of light so as to lengthen the wave-length slightly, or the spectrum 
should be displaced slightly toward the red end. The results obtained from these tests 
confirm the theory. Ee 5 B: 

Why Students Riot. C. Gauss. Collier’s, 87, 22 (Jan. 31, 1931).—Riots belong 
to that class of social upheavals which can only be explained out of mob psychology. 
The tradition of rioting at universities is an old if not a venerable one, and the tendency 
to go on riots is deeply rooted in youthful human nature. Most cases of reputed spon- 
taneous combustion are due to some overcollegiate undergraduate ringleader. 

The average undergraduate is young and suffers from always having on hand a 
larger stock of pent-up physical energy than he can conveniently dispose of. Rioting 
is one of a hundred forms in which he works off this energy. 

‘College spirit” is a form of gang morality which is expressed in its most dismal and 
disastrous form in a riot. 

It is impossible to explain all college riots on the basis of real grievances or positive, 
ascertainable aims. J. W. H. 

The Opportunities of the Federal Government in Research. J. C. MERRIAM. 
Bull. Am. Assoc. Univ. Profs., 16, 536-7 (Nov., 1930).—The principal opportunity 
stressed by the author is that of releasing findings in such form that they are welcomed 
by press as “spot news”’ and by the public as something that has not been known here- 
tofore. 

Properly handled, such release service makes clear ‘‘that we do not know the limits 
of knowledge well” and further ‘‘there is much that ought to be learned,’”’ much room for 
further research. 

When people can be brought to recognize these two facts frankly they will be on 
the way toward that attitude, ‘“‘the important quality, open-mindedness.”’ 

One more step is important if our people are to qualify as precise thinkers. They 
must be helped to realize that if the knowledge found is to be reliable, the search for it 
must be carefully planned and organized as well as checked over by tested technics. 

. C. EE 

From $25,000 to $2000. A Voluntary Experiment in Simple Living. S. Apams. 
Forum, 85, 80-3 (Feb., 1931).—An interesting account of the proposal of a wealth? 
family of three to forsake luxurious living in order that the father may become a scholar. 
An article which every young person should read and ponder. S. A. L 

The Widow of Ephesus. An Old-World Story in the New-World Language. C. 
K. OGDEN AND L. W. Lockuart. Forum, 85, 84-7 (Feb., 1931).—Herewith is presented 
an example of what can be done with the basic vocabulary of 850 basic words. This 
story of 870 words, about 330 of which are different, when put into basic English, as- 
sumes a length of 1130 words, about 220 of which are different. The chief characteristic 
of basic Englishis absence of verbs. ‘‘The ten ‘operators’ (put, go, etc.), which when cem- 
bined with the ‘directives’ (in, out, etc.) take the place of verbs (put in = ‘insert’; goin = 
‘enter’) are therefore the key to the system.” “If compulsory military training has 
been allowed for over a century to claim three years of every man’s life in so many civil- 
ized countries, three weeks may not be found too much for the uncivilized to devote to 
creative peace before another century has passed.” 8S. A. L. 
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Industrial Research, Beneficent Arbiter of Modern Progress. W. A. Hamor. 
Chem. & Met. Eng., 38, 16-8 (Jan., 1931).—Applied science, by discovering new ma- 
terials, new processes, and uses for known processes, strives to make men more happy 
and prosperous. The complicated program of industrial research often requires a long 
period of time. In many instances a whole year is given to practical tests of new com- 
modities in actual service. The chance for the survival of the old-time inventor and the 
isolated researcher is becoming less, due to the competition of large organizations. 
Sixty-six industrial fellowships are in operation at Mellon Institute and as soon as one 
subject is completed, another is started. The results of the research are the property 
of the organization supporting the work, and are sometimes mide public. R. L..H. 

The Electronic Basis of Life. I. Hacky. Pacific Dental Gazette, Dec., 1930.— 
Living protoplasm is thought to consist of cells in a dynamic system of proteins, fats, 
and carbohydrates in a colloidal suspension. The most significant reaction in the living 
protoplasm is the process of hydration and dehydration. Should these reactions stop 
the protoplasm is thought of as being dead. Light is the agent by which the atoms and 
molecules remain dynamic. RE. Hy, 


Teaching Is Getting Better. There has been a revolution in primary and secondary 
schools since the days when masters used the birch and the boy who failed in sums or 
spelling was stood in a corner. 

Almost 100 years ago, when Horace Mann was secretary of the Massachusetts 
Board of Education, some of the teachers began to investigate methods of teaching. 
Several State Normal Schools were established, and from that day there has been a 
constant and fruitful search for new ways. Yet the colleges have tried to keep their 
eyes fixed on the cloud-capped summit of Olympus, without taking much thought how a 
person climbed up. 

The old idea was that teachers were born, not made, and, since very few were born, 
there was nothing much to be done about the rest of the faculty. The teachers lectured 
and set examinations. The pupil was expected to function as a sponge, absorbing 
knowledge. 

The schoolma’ams were, however, getting another idea, picked up at teachers’ in- 
stitutes authorized by Horace Mann’s Board of Education. These energetic ladies dis- 
covered that some of the colleges harbored, without knowing it, men with new points of 
view. Harvard had given a chair to Louis Agassiz, a Swiss naturalist, and Princeton 
had a friend of his, Arnold Guyot, the man who first thought of physical geography. 
The school teachers flocked to their public lectures and devoured every word they pub- 
lished. The teachers yearned to initiate the boys and girls into the delights of natural 
history and a study of the earth as the home of man. 

Teaching began to be transformed. Instead of being stuffed, the students were 
encouraged to find out for themselves. “It is not textbooks we want,’ said Agassiz, 
“but students.”” He added: “If you study nature in a book you cannot find her.” 

What Agassiz and Guyot meant to teachers can be well understood by the thousands 
who recall what happened when William James, breaking with what Santayana called 
“the genteel tradition,’’ made psychology a laboratory science, and told teachers how it 
was done. 

All the time ideas formulated by Froebel, who published ‘““The Education of Man’”’ 
in 1826, and opened a kindergarten eleven years later, were floating about like seeds in 
the wind seeking places where they might germinate and flourish. Froebel regarded 
education as growth, and held that a child grows best in a natural environment. He 
expected children to learn through self-activity. His fear was that the influence of a 
teacher be too great, overshadowing the individuality. In his “garden of little ones’’ 
the child was made the chief instrument in his own development.—The Boston Globe 
via School and Society 





PRELIMINARY ANNOUNCEMENT, FALL MEETING OF THE A.C. S. 


Program.—The 82nd Meeting of the American Chemical Society will be held in 
Buffalo, N. Y., Aug. 31—Sept. 4, 1931. Monday of convention week will be devoted in 
the morning to a meeting of the Council and in the afternoon to a general program of 
papers describing some of the new tools of research. The remaining sessions on Tuesday 
and Wednesday will be in charge of the various Divisions. 

On Tuesday morning the program of the Division of Chemical Education will feature 
a joint symposium with the History of Chemistry Division, on ‘‘The History of Chemical 
Education in America.”’ It is planned to make this symposium a memorial to Edgar 
Fahs Smith who was the first chairman of this Division ten years ago, and who was 
also chairman of the Division of History of Chemistry. The semi-annual Division 
luncheon will be held Tuesday noon. Wednesday morning will be devoted to a meeting 
of the Senate and to meetings of standing committees, while the afternoon program will 
be limited to papers on Visual Aids in Chemical Education. Miscellaneous papers will 
be assigned to the Tuesday afternoon and Thursday morning sessions. The annual 
business meeting will be held at the close of the latter. 

Exhibits.—High-school classes everywhere are invited to send exhibits to the 
Buffalo meeting. <A prize of $10.00 is offered by the Division for the best one submitted. 
Free space will be reserved on request to the Local Secretary of the Division, but each 
exhibitor must assume all costs of packing, transportation, breakage, and loss. 

Papers.—Papers for the symposium ‘“‘The History of Chemical Education in 
America” and ‘‘Visual Aids in Chemical Education’”’ will be by invitation. Authors of 
miscellaneous papers are earnestly requested to codperate as follows: 

1. Submit as soon as possible the titles of proposed papers, together with ab- 
stracts in duplicate and an estimate of the minimum time required, exclusive of discus- 
sion. It is the seasoned opinion of members of the Division that, since the time is 
limited, an author should read only an abridgment of his paper, comprehensive enough 
to stimulate discussion, reserving the complete paper for publication. 

2. The name, address, and professional connection of each co-author must accom- 
pany the title. 

3. The complete manuscript and abstracts must reach the Secretary prior to July 
15th in order to be included on the Buffalo program. Papers received after this date will 
be held over, with the authors’ consent, for a subsequent meeting. 

4. Organize significant features on slides, films, or in mimeographed form for dis- 
tribution at the meeting. These devices enhance the value of any paper. However, 
the amount of material on any one slide should be strictly limited. 

5. Do not send in a title unless you expect to be present to read your paper. 

By vote of the council of the A. C. S., papers by American chemists who are not 
members of the A. C. S. shall not appear on the program unless they be joint papers with 
Society members and no paper may be presented at a meeting unless the title has been 
printed in the final program. Papers read before the Division become the property of 
the Society and, if acceptable for publication, will appear later in the JOURNAL OF 
CHEMICAL EpucaTION. No paper already submitted for publication in other journals 
should be offered for the program. 


’ 


R. A. BAKER, Secretary 

College of the City of New York 
17 Lexington Avenue 

New York, N. Y. 
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THE FIRST CONFERENCE ON CHEMICAL EDUCATION IN JAPAN 


F. KAMETAKA, 727 GOTENYAMA, SHINAGAWA, TOKYO, JAPAN 


There are many societies of chemists in 
Japan, for instance The Chemical Society 
of Japan, The Society of Chemical Indus- 
try, The Agricultural Chemical Society of 
Japan, and The Pharmaceutical Society of 
Japan, but there is no association of chem- 
istry teachers except for the Association of 
Science Teachers in Secondary Schools of 
Japan. | For this reason, a group of inter- 
ested chemistry teachers undertook to 
form an organization patterned after the 


of chemical education in Japan and the 
necessity for improvement were made by 
PROFESSOR SUGANUMA, of First High 
School, PRoFEssoR KatTow, of Seikei High 
School, Mr. Saxat, of Women’s{Normal 
School, and Mr. H1rosHE, school superin- 
tendent of the Tokyo Prefecture, and by 
the author. PrRoFrEessor NacamI, of Tech- 
nical College, Tokyo, made an earnest ap- 
peal for a revolution in methods of teach- 
ing chemistry. The conference formed 








Division of Chemical Education of the 
American Chemical Society, the first con- 
ference being held on February 3rd at the 
University Graduate Club of Tokyo. 
About forty chemistry teachers, from 
university professors to science teachers in 
secondary schools, were present. Pro- 
FESSOR KaTAyAMA of the University of 
Tokyo was elected president of the confer- 
ence. Addresses on the present condition 


plans for holding meetings several times a 
year. 

The accompanying photograph shows a 
group of those present at the conference, 
among whom, in addition to those men- 
tioned above, are PROFESSORS Konpow of 
Teachers’ College, KAWAKAMI, of Physical 


College, Kosayasut, of Nobles’ High 
School, TaAKEHARA, of Teachers’ College, 
and ProFessors AOKI and MakKINo. 
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A. C. LANGMUIR ESTABLISHES 
AWARD FOR FUNDAMENTAL 
RESEARCH 


According to the Journal of the Ameri- 
can Chemical Society the proposal of Dr. 
A. C. Lancmuir, Hastings-on-Hudson, 
New York, outlined in the following letter, 
was accepted by the directors of the so- 
ciety at their meeting in New York on 
January 9 last, and the president was re- 
quested to appoint a committee of three to 
formulate plans for the administration of 
the award with the understanding that it 
be placed for the first time at the Septem- 
ber, 1931, meeting of the society. 


January 3, 1931 


Dr. CHARLES L. Parsons, Secrelary, 
American Chemical Society, Mills Building, 
Washington, D. C 


Dear Dr. Parsons: 


When I visited you on December 13 last you 
suggested that I place before the Directors of the 
American Chemical Society at their meeting in 
January my tentative plan which we talked about, 
to start a lecture and honorarium as an award 
for university research in pure science. 

Research work in pure science is fundamental! 
tohuman progress. In our own field of chemistry 
we can all cite many instances of industrial 
inventions such as the hydrogenation of oils, 
the use of argon in gas-filled electric lights, origi 
nating in the work of Sabatier on the one hand 
and Ramsay on the other, both of these men 
working without any practical results. 

The industrial chemist and chemical engineer 
owes his livelihood to the past work of investi- 
gators in pure science. His future depends upon 
a continuance of this work. The industrial 
divisions of our Society might well demonstrate 
to the universities and the public their appre- 
ciation of the importance of this work by making 
an award for meritorious work in pure science. 

The university is the ideal place for work in 
this field. Here the investigator is entirely 
free in his choice of a subject and plan of work 
and is able to publish his results in full for the 
benefit of his fellow chemists and the public. 

The prevailing method of honoring successful 
work is by the award of a medal to men of mature 
years whose fame is already secure and who are 
often men of ample means. It is easy to choose 
such men and it is a pleasure and privilege to 
honor them, but my plan is quite different. 

I would select for recognition young men oa 
the thresholds of their careers, doing work in 
pure science (chemistry) in (preferably) American 
colleges or universities. The recipient should 
deliver a lecture on his work before a sectional 
or general meeting of our Society and should be 
given as an honorarium, not a medal, but a sub- 
stantial sum of money, preferably $1000.00. 
In place of a medal an engraved certificate 
might be given. It will be difficult to select 
young men to be so honored, but it will be worth 
the effort. It is perhaps more important to 
encourage an able research worker to produce 
than it is to reward one whose work is past. 

I think that such a program should be the 
contribution of our Society to chemistry, either 
by appropriation from its treasury or by contri- 
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butions of individual members. It is as an 
individual member, therefore, that I propose, 
with your approval, to initiate this American 
Chemical Society Lecture in Pure Science. As I 
look at it now I would not care to endow such a 
program, but would undertake to keep it running 
a few years. 

To place it definitely before you, I would agree 
to give the Society $1000.00 now for a 1931 
award and the same sum next year for a 1932 
award. If successful, I believe that I should be 
glad to carry it on for a few years longer, but 
eventually the Society, either through its mem 
bers (like myself) or as a society would continue 
the lectureship. If the plan is a failure it should 
come to an end; if it is successful, I believe it 
will make its way without an endowment, to the 
credit of the Society and its contributing mem 
bers, and not as a memorial to an endower. 

It may be considered that one thousand 
dollars is an unduly large sum but this is the best 
way to ensure attention on the part of the uni 
versity, the public and the recipient who can 
advantageously use the money for building up 
his library or for travel abroad visiting other 
workers in his field 

Should the Society accept my offer I feel that 
it would thereby to some extent accept an 
obligation for the future, which should give it 
the right to freely suggest any alterations in this 
plan which it thinks for the best. 


Sincerely yours, 
(Signed) A. C, LANGMUIR 


ANDREW W. AND RICHARD B. MEL- 
LON RECEIVE A. I. C. AWARD 


On March 24, the occasion of the sev- 
enty-sixth birthday of ANDREW W. MEL- 
LON, the American Institute of Chemists 
announced the award of its medal jointly 
to Mr. Mellon and his brother, R1cHARD 
B. MELLON, for distinguished service to 
the science and profession of chemistry. 

Dr. FREDERICK E. BREITHUT, president 
of the American Institute of Chemists and 
head of the department of chemistry at the 
Brooklyn College, in making the an- 
nouncement, said: “The Institute medal 
is awarded annually for distinguished and 
outstanding services to the science and 
profession of chemistry. Andrew W. Mel- 
lon and Richard B. Mellon have con4 
tributed to the advancement of chemistry 
in its broadest aspects and have fostered 
the progress of industry by their far-seeing 
and unselfish efforts. Through the agency 
of the Mellon Institute of Industrial Re- 
search they have been leaders in the great 
forward march of the American chemical 
industry. 

“The Mellon Institute has made not 
only great industrial discoveries which 
have created new industries and strength- 
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ened old ones, but has also provided a body 
of trained scientific investigators who have 
contributed to consolidating America’s 
position in the scientific and technical 
world. The Mellon Institute is the West 
Point of our industrial system, assisting the 
United States to attain and hold its fore- 
most position amongst the industrial na- 
tions of the world. 

“The Mellon brothers in making this 
program possible have contributed to the 
advancement of science and technology, 
have made it possible for the profession of 
chemistry to rise to its powerful position 
in our industrial system and have given 
chemists numberless opportunities to serve 
the country and to secure professional ad- 
vancement. 

“A project to which Mr. Andrew W. 
Mellon is now devoting his interest is the 
establishment in Washington of the Na- 
tional Institute of Health, which is to be 
operated for medical and chemical, and 
general scientific research in connection 
with the Department of Public Health. 
This Institute will be devoted primarily to 
a study of the causes and prevention of dis- 
ease and is altogether likely to achieve as 
much for the advancement of American 
health as the Mellon Institute of Industrial 
Research has achieved in the advancement 
of American chemistry, technology, and in- 
dustry.” 

The first award of the medal of The 
American Institute of Chemists was made 
in 1929 to Mr. and Mrs. Francis P. Gar- 
vAN. Mr. GEORGE EASTMAN received it 
in 1930. 


H. C. FOGG WINS BAKER ANALYTI- 
CAL FELLOWSHIP 


The J. T. Baker Chemical Company Re- 
search Fellowship in Analytical Chem- 
istry, Midwest Division, 1931-32, has been 
awarded to Mr. H. C. Foce, formerly in- 
structor in chemistry at the University of 


New Hampshire. He will work at the 
University of Michigan under the direc- 
tion of Dr. H. H. Witvarp. 
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DR. DUGGAN APPOINTED TO 
LEAGUE OF NATIONS SUB-COM- 
MITTEE OF EXPERTS 


Dr. STEPHEN P. DucGAN, director of the 
Institute of International Education, origi- 
nally chairman of the educational com- 
mittee of the League of Nations Associa- 
tion and still active in this committee’s 
work, has been appointed a member of the 
League of Nations’ Sub-Committee of Ex- 
perts for the Instruction of Youth in the 
Aims and Organization of the League of 
Nations. This is a sub-committee of the 
League’s International Committee on In- 
tellectual Coéperation, of which Sir Grr- 
BERT Murray is president. Dr. Duggan’s 
appointment was made by the council of 
the League of Nations which met in 
January at Geneva. Miss HELEN CLaRK- 
SON MILLER, present chairman of the edu- 
cational committee of the League of 
Nations Association and headmistress of 
the Spence School in New York, was 
named as substitute for Dr. Duggan in the 
event he should be unable to attend some 
of the sub-committee’s meetings. Among 
the educational experts from other coun- 
tries serving on this sub-committee are: 
GIUSEPPE GALLAVREsI from Italy, pro- 
fessor of history at the University of 
Milan, author of historical works and as- 
sessor for education at Milan; INazo 
NitoseE from Japan, professor at the Im- 
perial University of Tokyo, former presi- 
dent of the First National College, Tokyo, 
member of the Japanese Imperial Acad- 
emy; Dr. SCHELLBERG from Germany, 
councilor at the Ministry of Education of 
Prussia; MADAME DREYFUS-BARNEY of 
France, vice president of the peace section 
of the International Council of Women, 
liaison officer between the International 
Council of Women and the International 
Institute of Intellectual Codéperation. 
Two new members of this sub-committee 
appointed at the time of Dr. Duggan’s ap- 
pointment are ALFRED ZIMMERN of Great 
Britain, former deputy-director of the In- 
ternational Institute of Intellectual Co- 
operation in Paris, recently appointed to 
the chair of International Relations at 
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Oxford, and P. T. Sun of China, director 
of the Franco-Chinese Institute of Lyons. 
—~School and Society 


POTASH MINING BEGUN IN TEXAS 


The first commercial shaft ever sunk in 
the United States for potash has now 
reached a depth of a thousand feet, and 
potash minerals are ready to ship, the 
U.S. Geological Survey has been informed. 
The shaft has been sunk by a firm formed 
to develop the great potash fields in Texas, 
recently explored by the Geological Sur- 
vey. After government scientists had put 
down about twenty test holes the com- 
pany drilled an equal number, and then 
began sinking its shaft. This has now 
passed through several workable beds of 
potash minerals, the best of which consists 
of a salt known as silvite. 

Although this is the first deep-mining op- 
eration for potash in the United States, it 
is not the first time that this necessary fer- 
tilizer material has been produced in this 
country. In the arid regions of the West 
there are a number of highly saline lakes 
whose waters contain economic concentra- 
tions of potash salts. One of these, Searles 
Lake in California, has been actively 
worked for several years by a commercial 
firm.*—Science Service 


* See MANSFIELD, “Potash in the United 
States,’’ J. Cuem. Epuc., 7, 737-61 (Apr., 
1930). 


GERMAN WAR-GAS PIONEER AIDS 
SEARCH FOR DEFENSE 


Yperite, or mustard gas, the terror of 
the trenches, is now being combated by 
the German chemist who, perhaps more 
than any one else, made chemical warfare 
an effective part of modern battle. A 
touch of drama is added to the search of 
the International Red Cross for an effec- 
tive means for detecting mustard gas in 
small atmospheric concentrations, by the 
presence on its jury of awards of Dr. 
Fritz HaBer of Berlin-Dahlem. A prize 
of 100,000 gold francs has been offered for 
the most efficient detector, and tests of 
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about a score of entries will be made here 
soon. 

Associated with Dr. Haber will be a 
brilliant group of scientists representing 
nations formerly enemies of his own, as 
well as one neutral power. They are Sir 
WILLIAM JACKSON Pops, professor at 
Cambridge University, England; Pro- 
FESSOR M. F. Swartz of the University of 
Ghent, Belgium; Proressor M. G. Ur- 
BAIN of the Sorbonne University, France; 
and Proressor H. ZANGGER of the Uni- 
versity of Ziirich, Switzerland. Dr. L. 
DeEmMoLIs, technical counselor of the In- 
ternational Red Cross Committee, will act 
as secretary of the jury. 

In the near future the International Red 
Cross Committee hopes to organize two 
similar competitions, one for the best anti- 
gas mask and the other for large-scale 
shelters against poison gas. The organiza- 
tion of competitions of this kind is in line 
with the campaign for the protection of 
civilians against chemical warfare which 
the International Red Cross Committee is 
conducting and in connection with which 
it has brought about the formation in a 
number of countries of mixed commissions 
composed of chemists, doctors, techni- 
cians, representatives of the government 
and of the Red Cross, to work out methods 
of defense. 

Yperite has been termed the ‘‘most for- 
midable weapon of aggression” because of 
its unusual characteristics of permanence 
and insidiousness. Mere contact with the 
soil or contaminated objects as much as 
two or three days after the attack is suffi- 
cient for a good case of gassing. An odor 
of mustard is all that, at first, tells the tale. 
It is only after four to six hours that the 
victim begins to feel the effects—tempo- 
rary blindness, suffocation, burning and 
blistering from the gas that penetrates all 
ordinary clothing. This retarded action is 
due to the fact that yperite is projected 
not in a gaseous state but as droplets. 

To date yperite has eluded all attempts 
at mastery. The gas mask had, by 1918, 
been perfected to the point of protecting 
the wearer against all chemical warfare 
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gases. Yperite, however, requires special 
protective clothing as well as a gas mask. 
Although many detectors were used dur- 
ing the war, none was completely success- 
ful in finding the whereabouts of the 
elusive mustard gas. The ideal detector 
is still being sought. It must be sensitive 
enough to signal even a feeble trace of the 
gas; and function rapidly enough to give 
time for self-protection. It must be easily 
handled and sufficiently inconspicuous for 
placement in front of the lines if necessary. 
Finally, it should be able to detect all the 
various gases used in chemical warfare.— 
Science Service 


VITAMIN D NOW BAKED INTO 
BREAD 


A method of incorporating the anti- 
rachitic vitamin D in bread has been de- 
veloped by the Pediatric Research Foun- 
dation of Toronto. The method makes 


use of the fundamental process of incor- 
porating vitamin D into the food in the 
form of irradiated ergosterol, which was 
developed by Dr. Harry STEENBOCK of 


the University of Wisconsin. A baking 
company with nation-wide distribution in 
the United States has been licensed under 
the Steenbock patents to make bread in 
which vitamin D is incorporated by the 
Toronto scientist’s method. Irradiated 
ergosterol fat is mixed with the shortening 
used in the bread.— Science Service 


ODORLESS VARNISH RECENT IN- 
VENTION 


An odorless varnish that can be used in 
close proximity to foodstuffs without dam- 
aging their flavor has been developed com- 
mercially. In a report to the American 
Chemical Society, ARTHUR J. Norton of 
North Tonawanda, N. Y., states that the 
new varnish makes possible the use of 
laminated board in the manufacture of re- 
frigerators. 

Although the use of laminated board has 
been steadily increasing in other industries 
because of its lightness, cheapness, and 
durability, refrigerating companies were 
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unable to take advantage of the new con- 
struction material because of its faint 
phenol odor, which is readily absorbed by 
almost any type of fatty product, such as 
butter.— Science Service 


CRYSTALS OF DIGESTIVE ENZYME 
ISOLATED 


Protein crystals of great digestive power 
have been isolated from commercial prep- 
arations of trypsin, digestive ferment 
secreted by the pancreas, by Drs. JoHN H. 
NortTuHrup and M. Kunitz of the Rocke- 
feller Institute for Medical Research, 
Princeton, N. J. This discovery is con- 
sidered to be an important step in the un- 
derstanding of the chemical mechanism of 
digestion. Until recently, the digestive 
ferments or enzymes, of which trypsin, 
pepsin, and rennin are familiar, were mat- 
ters of mystery to scientist and layman 
alike. Research such as that of the two 
Rockefeller Institute scientists is helping 
to clear up the mystery and is giving the 
practicing physician new weapons with 
which to fight disease in the human body. 
Dr. Northrup has previously crystallized 
pepsin, the digestive ferment of the 
stomach. 

Considerable interest, for the scientist 
at least, attaches to the fact that these two 
ferments, pepsin and trypsin, are now 
known to belong to the protein class of 
substances, to which also belong such foods 
as meat and nuts. 

“The digestive power of the crystals is 
about ten times that of the most active 
commercial preparation,’’ the investiga- 
tors have reported of the trypsin crystals. 
They digest casein, principal protein of 
milk, and gelatin, another protein, in neu- 
tral solution. They are very unstable and 
lose some of their activity easily.— Science 
Service 


CHEMICAL ATOM VIBRATIONS 
SOUND MUSICAL CHORDS 


The musical vibrations of alcohol, water , 
and gasoline and other common chemical 
substances have been written and played 
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on the piano by Dr. DonaLp H. ANDREWS 
of John Hopkins University. The seduc- 
tive chord of alcohol, for instance, is not 
the product of Dr. Andrews’ imagination 
but represents accurately the various vi- 
yrations occurring among the atoms of the 
iucohol molecule, and found in the Raman 
spectrum of its light. Thus the trans- 
sosed music of the atoms can be heard 
lirectly. 

Of the substances tried up to this point, 
alcohol is first favorite with most listeners. 
Actually, with the exception of one note, 
the seven notes of the alcohol chord form 
a well-known harmonic combination. The 
tones of the chord may, of course, be 
broken up to give a melody or theme. 
Interesting codperations between the lab- 
oratory and the concert hall will result 
from this simple but provocative sugges- 
tion. 

Composers have already asked for the 
scores of these chemical themes. A 
chemical opera, said Dr. Andrews, can 
now be written in which the chemical 
chords can be used; ‘‘Christmas night”’ 


perfume will herald the heroine, arsenic, 
the villain, water, the coming rain. 

On the other hand the chemist with an 
interest in music will soon be looking more 
closely into his favorite songs and sym- 


phonies. Perhaps the stirring war song is 
a transposition of adrenalin—the sub- 
stance that pours into the blood when he 
gets angry. It looks as if some jazz 
orchestras had come near to imitating the 
melody of gasoline—for the gasoline music 
is a discordant combination of many unre- 
lated notes. A similar effect might be 
produced by sitting abruptly on the piano. 
Wood alcohol, in spite of its close chemical 
relationship to grain alcohol has a harsh, 
sharp, bootleg sound. Water is mysteri- 
ous, pleasant without being sugary, like 
the murmur of a waterfall in a deep glade. 
This music is derived from the light of 
these substances. 

Light rays change color on passing 
through a substance. The amount of the 
change, discovered two years ago by SIR 
CHANDRASEKHARA V. RAMAN, 1930 Nobel 
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prizeman in physics, has been used by him 
and other scientists to measure the mo- 
lecular vibrations. Millions on millions 
more vibrations are each second made by 
the chemical substance than human ears 
can hear. However, Dr. Andrews has for 
the first time transposed the chemical 
music on to the piano, with these interest- 
ing results.— Science Service 


YALE EXPEDITION TO STUDY IN 
NATURAL OCEAN LABORATORY 


A Yale expedition, equipped to study 
the chemistry and physics of sea water 
more than a mile deep, is on the way to the 
Bahamas. Fitted with a special winch for 
reeling out 7000 feet of airplane wire, 
carrying instruments to record conditions 
at that great depth, scientists on board the 
schooner ‘‘Abenaki”’ will concentrate their 
attention on a unique situation presented 
by two parallel deep troughs underlying 
the otherwise shallow seas around these 
islands off the coast of Florida. 

The two narrow deeps which the expedi- 
tion will study are known as Tongue of the 
Ocean and Exuma Sound. These sub- 
marine valleys run parallel to each other 
throughout most of their lengths, but open 
into the ocean depths at opposite ends 
very far apart. Biological collections 
dredged up by previous expeditions have 
been so unlike that it is believed the physi- 
cal and chemical factors determining the 
conditions of life in the depths must be 
quite different. It is to get exact data on 
these conditions that the expedition has 
been organized.—Science Service 


ATTACK ON DRUG MENACE NOW 
MADE BY SCIENCE 


Science is now marshaling its forces for 
a reénforced attack on the menace of drug 
addiction. The federal government is 
approaching the problem in two ways. 
The U. S. Bureau of Narcotics is trying to 
control the use of narcotics according to 
the provisions of the present laws govern- 
ing their importation, sale, and manufac- 
ture. The U. S. Public Health Service, 
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through its division of mental hygiene, is 
determining the amount of narcotic drugs 
required in the United States each year for 
medicinal and scientific requirements. 
The organized medical profession of the 
country, through the American Medical 
Association, is being given the facts on the 
legitimate uses of narcotics in the light of 
the latest scientific advances. 

In addition to these practical and ad- 
ministrative approaches, the problem is 
being attacked by scientific research under 
the direction of a special committee of the 
National Research Council. The program 
calls for replacement of habit-forming 
drugs with drugs that have no addiction 
properties. This involves studies of drugs 
already known, to determine the extent of 
their pain-relieving and nerve-quieting or 
sleep-inducing effects. In addition, the 
drug committee hopes to discover new 
drugs, as potent in these respects as mor- 
phine, but without any dangerous habit- 
forming properties. 

For this work, two research laboratories 
were established, one at the University of 
Virginia for chemical analyses and synthe- 
ses of alkaloid substances, and the other at 
the University of Michigan for the biologi- 
cal testing of the narcotics and their sub- 
stitutes. 

Two chemists were imported from 
Europe for the staff of the University of 
Virginia laboratory. This was necessary 
becatise so few American chemists have 
worked on alkaloid chemistry during the 
past twenty-five years that none were 
available for this new research. 

While this research work has already 
been going on for two years, first report of 
its progress and plans was made public 
recently by the chairman of the National 
Research Council’s committee, Dr. W1L- 
LIAM CHARLES WHITE of the U. S. Na- 
tional Institute of Health.—Science Ser- 
vice 


CAMBRIDGE UNIVERSITY TO STUDY 
MAGNETISM IN INTENSE COLD 


A new laboratory for the study of mag- 
netic forces at low temperatures is to be 
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added to the University of Cambridge as 
the gift of the Royal Society of London. 

The use of the most intense magnetic 
forces is planned by Dr. PETER KapitTza, 
of Cavendish Laboratory, who for some 
years has been a leader in magnetic re- 
search. Magnetic phenomena are most 
simple at very low temperatures when the 
complications due to the motion of the 
atoms and molecules are largely avoided. 

The strongest electromagnets in the 
world have already been built by Dr. 
Kapitza in the course of his work, by pass- 
ing enormous currents through specially 
designed coils. Seventy thousand am- 
peres have been used in some of his ex- 
periments for about a fiftieth of a second. 

The planned laboratory will bring En- 
gland backonce more into the center of low- 
temperature research, begun in 1893 by 
Sir JAMES Dewar. His invention of the 
Dewar vacuum flask has proved of funda- 
mental importance in the investigation of 
intensely cold bodies. Liquid hydrogen 
was first made by Dewar in 1898 in the 
famous Royal Institution and solid hydro- 
gen in 1899. Since then low temperature 
has been pursued with success in Holland, 
Germany, and Canada. Developments in 
this field are expected in the United States 
soon.— Science Service 


CHEMISTS HAIL METHYL FREED 
FOR TENTH OF SECOND 


Methyl, the atomic grouping found in 
poisonous wood alcohol as well as in a 
great many other natural and synthetic 
organic substances, has been isolated in 
Berlin as a free compound. But it remains 
uncombined for only a tenth of a second. 

By heating a stream of the vapor of lead 
tetra-methyl in a quartz tube, a substance 
similar to the anti-knock substance of 
ethyl gas, PROFESSOR F. PANETH and W. 
HorFen!7z of the University of Kénigsberg, 
have, for the first time, obtained the free 
radical or parent group of the methy] series 
of compounds. They have thus solved a 
problem that baffled the great chemists of 
the last century. 

The substance triphenyl-methyl, first 
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orepared in 1900 by ProFrEssor Moses 

(;OMBERG of the University of Michigan, is 
he closest relation to the free methyl 

vadical. Methyl contains one carbon atom 
nited to three hydrogen atoms whereas in 
il other compounds, carbon has four 
onds joining it to other atoms or groups 
f atoms. 

Dr. Gomberg’s compound and the new 
iethyl radical of Professors Paneth and 
{ofeditz are like political radicals in 
vreaking the rules of the game. But they 

are broken only for a short time. The 
nethyl radical very quickly decomposes or 
it combines with lead or zinc and forms 
normal compounds in which the carbon has 
its usual combining power of four. 

The combinations of atoms like methyl 
or ethyl, which chemists call radicals, are 
found in compounds with other atoms. 
Thus methyl forms methyl chloride, CH;- 
Cl, a substance used as an anesthetic and 
refrigerant, and methyl hydroxide CH;OH, 
which is wood alcohol, just as the metal 
sodium forms sodium chloride, which is 
common salt, and sodium hydroxide which 
is caustic soda. Methyl has the chemical 
formula CH3.—Science Service 


HEART OF ATOM VIBRATES, PHYSI- 
CISTS DISCOVER 


Vibrations in the innermost core of the 
atom have been proved to exist by firing 
high-speed alpha rays into aluminum 
atoms, scientists of the Physical Institute 
of the University of Halle report. 

The capture of a helium bullet by the 
excessively small heart or nucleus of an 
aluminum atom has been used in this work 
by Dr. H. Pose and Proressor G. Horr- 
MAN to probe the last great secret of the 
structure of matter. For this collision of 
the alpha particle with the aluminum 
atom is the signal for the ejection from the 
aluminum nucleus of a still faster kind of 
rays, the proton rays. 

Those protons have been successfully 
cross-questioned by Dr. Pose and made to 
tell the story of the aluminum nuclei they 
have so suddenly left. Actually they are 

he cores of hydrogen atoms in rapid mo- 
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tion. Four to five million volts would be 
required to give the hydrogen cores their 
high speeds by artificial means. The 
speeds of those protons and of the particu- 
lar alpha ray projectiles which start them 
on their way, give the new evidence of 
vibrations in the target atoms of the alu- 
minum. At least Dr. Pose calls them 
vibrations. 

Nothing material vibrates, however. 
Only a mathematical function with an in- 
comprehensible formula and the Greek 
name Psi. Physicists have been wary of 
making concrete pictures of the inside of 
the atom recently since the arrival of the 
new quantum theory. The Psi vibrations 
are found in tune with oscillations which 
accompany certain of the alpha rays on 
their journey, called the De Broglie waves, 
another of the conceptions of the new 
physics. A proton is ejected when these 
two kinds of oscillations get into step, just 
as an organist by playing the right note 
may wreck a building. 

Distances traveled by the hydrogen par- 
ticles before coming to rest in the air are 
used to measure their starting speeds. Dr, 
Pose found that three groups of hydrogens 
of differing speeds were sent out by the 
aluminum atoms. The two faster groups 
which pass through 20 and 24 inches of air 
before stopping, appeared only when 
special speeds of alpha-helium rays were 
present in the projectile atoms. The speed 
of the alpha rays determines the frequency 
of the accompanying De Broglie waves. 

Dr. R. W. GurRNEY, working at the In- 
stitute of Physical and Chemical Re- 
search, Tokyo, Japan, had previously sug- 
gested that resonance phenomena might be 
found in the nucleus similar to that ob- 
served in the outer layers of the atom. 
Dr. Pose believes that his own experi- 
ments show this. Slower projectiles with a 
voltage equivalent of 10 to 20 volts, for in- 
stance, cause the emission of colored light 
from the target atom when their speeds 
reach a very definite value. 

Recent experiments of Drs. J. C. CHAp- 
WICK, J. E. R. CoNSTABLE and E. C. PoL- 
LARD at the University of Cambridge, 
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England, however, show that ‘‘alpha par- 
ticles which are not in resonance with the 
nucleus are nevertheless able to cause a 
detectable amount of disintegration.” 

The alpha rays used by the investiga- 
tors are helium atom kernels given out by 
polonium, radioactive substance similar to 
radium.— Science Service 


GENERAL EDUCATION BOARD 
ELECTS NEW MEMBERS 


Dr. Ray LYMAN WILBUR, Secretary of 
the Interior; HAROLD SwIFtT, president of 
the Board of Trustees of the University of 
Chicago, and Dr. Epwrn Mis, professor 
of English at Vanderbilt University, have 
been elected to the General Education 
Board to fill vacancies caused by the re- 
tirement under the age limit of sixty-five 
years of Dr. E. A. ALDERMAN, president of 
the University of Virginia; of Dr. J. H. 
DILLARD, president of the Slater Board for 
the Education of Negroes, and of ALBERT 
SHaw, editor of the Review of Reviews. 
The General Education Board was estab- 
lished in 1902 by JoHn D. ROCKEFELLER. 
The charter of the board granted by the 
Federal government gives its object as 
being that of ‘“‘the promotion of education 
within the United States of America, with- 
out distinction of race, or sex, or creed.” 
The personnel of the board, in addition to 
those recently elected, is now as follows: 
Joun D. ROCKEFELLER, JR., JEROME D. 
GREENE, ANSON PHELPS STOKES, GEORGE 
E. VINCENT, CHARLES P. HOWLAND, 
TREVOR ARNETT, JAMES R. ANGELL, Ray- 
MOND B. FospicK, OWEN D. YouNG, 
Harry W. CuHase, Max Mason, ARTHUR 
Woops, AuGustus TROWBRIDGE.—School 
and Society 


THE HIGH SCHOOL SERVES THE IN- 
DIVIDUAL STUDENT 


Twenty-eight different methods by 
which high schools of the United States 
recognize and adapt their programs to 
special needs of individual students were 
reported to the U. S. Office of Education in 
reply to 23,000 questionnaires sent to 


JOURNAL OF CHEMICAL EDUCATION 


May, 1938 


American high-school principals in connec. 
tion with the Office of Education’s Na 
tional Survey of Secondary Education. 

Arrangement of the high-school pro 
gram for the welfare of the individua 
student is very new in the United States 
according to Dr. Roy O. BIL_et, Schoo! 
administration specialist of the Nationa 
Survey, and, with the exception of varia 
tion in number of subjects a pupil may 
carry, and special coaching of slow pupils 
few schools consider any provision to b: 
meeting with unusual success. Man, 
schools fail to report any provisions for in 
dividual difference in use, he says. 

Twenty per cent or more of the large: 
schools (enrolment over 1000) use eigh 
teen of the twenty-eight provisions origi 
nally tabulated on the Office of Education 
questionnaire. Smaller schools were found 
to be less able than the larger ones to adapt 
their programs to the differing needs of 
students. 

The student is aided in some institutions 
by advisory programs, psychological stud 
ies, adjustment, remedial or restoration 
classes or rooms. Other differences may 
be met by out-of-door projects, vocational 
or educational guidance through explora- 
tory courses, scientific study of problem 
cases, or various arrangements of study 
assignment. Regular classroom procedure 
has been modified in many instances 
to meet special abilities or handicaps by 
the provision of individualized instruction, 
ability groupings, adjustment classes or 
rooms, contract, laboratory, or various 
other plans of instruction. Sometimes 
credit is allowed for projects or studies car- 
ried on outside of school hours by students. 

“Both large and small schools use prob 
lem method, project curriculum, out-of 
school projects, special coaching of slow 
pupils, individualized instruction, and 
laboratory plan of instruction with about 
equal success,’’ Dr. Billett points out, al- 
though he stresses the fact that advisor) 
programs, educational and _ vocational! 
guidance through exploratory courses, op- 
portunity rooms for slow pupils, scientific 
study of problem cases, psychologica 
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studies, and ability grouping are used in 
large schools with far greater frequency 
and reported success than in small 
schools. 

Individualized instruction seems equally 
applicable in schools of any size, special 
coaching of slow pupils is practiced in more 
than half of the schools of any size, and 
successful use of scientific study of prob- 
lem cases increases as enrolment increases 
in the high school. 


WORLD FEDERATION OF EDUCA- 
TION ASSOCIATIONS TO MEET AT 
DENVER 


Denver will be the scene of the fourth 
biennial convention of the World Federa- 
tion of Education Associations, July 27 
to August 2. 

Present indications point to an atten- 
dance that will run well into the thousands. 
The homeward trek of teachers attending 
the N. E. A. convention at Los Angeles 
will be interrupted at Denver by this 
second great educational convention of the 
summer. 

The World Federation of Education 
Associations came into existence in San 
Francisco in 1923 at the time of the sum- 
mer convention of the N. E. A. at Oak- 
land. Hearing rumors of the plan to effect 
world concord through education, thou- 
sands of N. E. A. delegates concluded 
their deliberations at Oakland and ferried 
across the bay to learn just what was going 
on in San Francisco. 

Out of this beginning grew the first 
biennial convention at Edinburgh in 1925. 
Three thousand educators were in atten- 
dance. From Edinburgh to Toronto in 
1927 where eight thousand convention 
guests registered; from Toronto to Geneva 
in 1929, where three thousand delegates 
representing fifty-three nations joined in 
the deliberations; from Geneva to Denver 
in 1931, where an attendance between five 
and ten thousand is expected—this in brief 
tells the story of the World Federation so 
far as conventions and numbers present 
can tell a story. 

The organization of the association into 
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international committees reveals, how- 
ever, an amazing story of effort in attain- 
ing the following objectives: ‘friendship, 
justice, and good will among the nations of 
the world”; ‘‘tolerance of the rights of all 
nations’; ‘‘appreciation of the value of 
inherited gifts of nations and races.’’ To- 
ward these ends committees are at work 
throughout the world at all levels of public 
and private school organizations. This 
committee work was organized on the plan 
of Dr. Davin STARR JORDAN, who, at the 
1925 convention, was awarded the Her- 
man prize of $25,000 for the best plan 
“calculated to produce world understand- 
ing and coéperation through understand- 
ing.” 

The association includes the following 
departmental organizations: the parent- 
teacher association, health education, 
educational crafts, preparation of teach- 
ers, international aspects of library service, 
education and the press, rural life and 
rural education, pre-school and kinder- 
garten, elementary education, secondary 
education, the international aspect of col- 
leges and universities. 

Dr. AuGcustus O. Tuomas, Augusta, 
Maine, is president of the World Federa- 
tion of Education Associations, and Dr. 
CHARLES H. WIL.tAMs, University of 
Missouri, Columbia, Missouri, is secre- 
tary. The list of committee chairmen in- 
cludes the names of educators known 
throughout the world. 


THIRTEENTH EXPOSITION OF 
CHEMICAL INDUSTRIES 


The Thirteenth Exposition of Chemical 
Industries will be held at the Grand Cen- 
tral Palace in New York City during the 
week May 4-9, 1931. 

The Educational Division of the Thir- 
teenth Exposition of Chemical Industries 
announces three students’ courses and a 
special program for teachers, to be con- 
ducted as follows during the period of the 
exposition: 

First Course, Elementary Chemical En- 
gineering. 

A general survey of the field of chemical 
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engineering, including a comparison of unit 
operations and processes, handling of mate- 
rials, transfer of heat, materials of con- 
struction, typical unit operations, and a 
consideration of chemical engineering as a 
career. Purpose: To answer the question 
“What Is Chemical Engineering?” 


May 4, 3:00 P.M. 


“Unit Operations versus Processes,” 
S. D. KirKpatrick, Editor, Chemical and 
Metallurgical Engineering. 

“Materials of Construction,” W. S. CAL- 
COTT, associate director of research, E. I. 
du Pont de Nemours & Co. 

“Transfer of Heat,’”’” W. H. McApams, 
professor of chemical engineering, Massa- 
chusetts Institute of Technology. 

‘Handling of Materials,’ GRAHAM L. 
MONTGOMERY, managing editor, Food In- 
dustries. 


May 5, 9:00 a.m. 


“‘Vaporization Processes, Evaporation, 
Distillation, Drying,’”? ALBERT B. NEWMAN, 
professor of chemical engineering, Cooper 
Union. 

“Agitation and Mixing,’”” KENNETH S. 
VALENTINE, The Turbo Mixer Corpora- 
tion. 

“Classifying and Thickening,” ANTHONY 
ANABLE, assistant to the president, The 
Dorr Company. 

“Filtration,” R. GorDON WALKER, vice 
president, Oliver United Filters, Inc. 

“Chemical Engineering as a Career,” 
Joun C. OLSEN, president, American Insti- 
tute of Chemical Engineers. 

Second Course, Advanced Chemical En- 
gineering. 

Lectures covering the economic survey 
necessary for plant location, the principles 
of plant layout and development, progress 
in chemical engineering, what recent in- 
ventions have done for chemical industries, 
the relation of small-scale plant tests to 
large-scale development, and a thorough 
study of high-pressure technology and its 
place in chemical industry. Purpose: To 
bring the young chemical engineer in touch 
with modern trends and developments. 
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May 6, 9:00 a.m. 


“Plant Layout and Development,” 
CHARLES P. Woop, Lockwood, Green & 
Company. 

“‘Small-Scale Experience for Large Scale 
Development,” J. V. N. Dorr, president, 
The Dorr Company. 

“Progress in Vaporization Process,” 
WALTER L. BanGER, professor of chemical 
engineering, University of Michigan. 

“Recent Contributions of Scienceand In- 
vention to Chemical Engineering,” JAMES 
R. WitHrRow, professor of chemical engi- 
neering, Ohio State University. 


May 7, 9:00 a.m. 


“General Survey of High-Pressure Prog- 
ress,’ N. W. KRASE, associate professor 
of chemical engineering, University of 
Illinois. 

“High-Pressure Equilibria,” B. F. 
DoncE, associate professor of chemical 
engineering, Yale University. 

“Nitrogen Fixation,’ CHARLES O. 
Brown, vice president, Nitrogen Engi- 
neering Corporation. 

“Alloys for High-Pressure and High 
Temperature Operations,” Epcar C. 
Barn, United States Steel Corporation. 

Third Course, Industrial Chemistry. 

A study of the career of the chemist, his 
relation to the world, his work in the plant, 
in coéperation with chemical engineers, in 
consulting practice, and in the legal side of 
chemical industry, the training of chem- 
ists in the university, in the plant, in indus- 
trial fellowships, and a consideration of the 
future of chemistry. Purpose: To survey 
the services and training of chemists. 


May 8, 9:00 A.M. 


“Looking Forward in Chemistry,” 
FRANK C. WHITMORE, dean, School of 
Chemistry and Physics, Pennsylvania 
State College. 

“Codperation between Chemists and 
Chemical Engineers,’ W. K. Lewis, 
professor of chemical engineering, Massa- 
chusetts Institute of Technology. 

“The Chemist in the Plant,’’ Brrr S. 
Tay_or, The B. F. Goodrich Co. 
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“The Chemist as an Expert Witness,’ 
W. M. GrRosvENor, consultant. 


May 9, 9:00 a.m. 


“Training Chemists in the University,’’ 
Net E. Gorpon, editor, JOURNAL OF 
CHEMICAL EDUCATION. 

“Training Chemists in Industry,” H. W. 
ELLEY, director, Chemical Section, Dye- 
stuffs Dept., E. I. du Pont de Nemours & 
Co. 

“Industrial Fellowships as a Training 
for Chemists,”” GEORGE D. BBAL, assistant 
director, Mellon Institute of Industrial Re- 
search. 

“The Chemist in the World’s Work,” 
H. E. Howe, editor, Industrial and Engi- 
neering Chemistry. 

“‘Chemistry as a Career,” M. L. Cross- 
LEY, chief chemist, The Calco Chemical 
Co. 
Teachers’ Program, May 9, 1:30 p.m. 

Teachers are specially invited to attend 
the Saturday morning program of Course 
3. Opening the program Saturday after- 
noon, Dr. CHARLES H. HErty will speak. 
There will be a tour of the exhibits. 
Guides will be provided to point out the 
high lights of the exposition to those who 
desire this service. 

These lectures supplement and co- 
ordinate for study and comparison the ex- 
hibits of the exposition, which include 
chemical engineering equipment, plant 
accessories, materials of construction, raw 
materials for industry, products of chemi- 
cal industry, presentation of work of gov- 
ernment bureaus, new processes, labora- 
tory equipment, publications, and books. 
Guides and instructors will be provided for 
students not accompanied by their own 
instructors. 

Hotel Accommodations: The Hotel Lex- 
ington, one block from Grand Central 
Palace offers a rate of $2.00 per day, to 
students attending these courses, two stu- 
dents to aroom. Rooms have twin beds 
and each has shower and tub bath. 

Special tickets to admit those who will 
take advantage of these courses will be 
sent upon application to: Thirteenth Ex- 
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position of Chemical Industries, Grand 
Central Palace, New York City. 

Every second year this exposition regu- 
larly draws exhibits not only from all the 
forty-odd industries classified as chemical, 
but also from many others which produce 
material or equipment used in the chemical 
industries. No better opportunity is 
given anywhere else in the world for study- 
ing the latest designs in a vast array of 
equipment, and for comparing competi- 
tive products side by side. 

It is a natural result that the exposition 
draws thousands of interested visitors 
from many industries—plant executives, 
chemists, engineers, and officers of great 
corporations beside the students who come 
from many colleges and universities to at- 
tend the course in industrial chemistry 
that has become so important a part of the 
exposition. The solution to many a 
knotty problem in plant practice has been 
picked up by an executive harassed by 
some unsatisfactory step in his manufac- 
turing processes, for here is shown all of 
the latest equipment for chemical processes 
as well as the raw materials and process 
chemicals. 

It may be a trite statement to say that 
industry as we know it today could not ex- 
ist if it had only the plant equipment of 
twenty-five years ago; but it isa fact that 
is worth recalling now and then. One of 
the great problems of chemical manufac- 
ture in which enormous strides have been 
made in that time is in the handling of cor- 
rosive chemicals without undue damage to 
the equipment; or in other words, without 
undue replacement costs. Equipment 
made of numbers of corrosive resistant ma- 
terials will be shown at the coming exposi- ’ 
tion. 

In laboratory work, glass has always 
been a favorite material for handling 
chemicals, but disadvantages too well 
known to require enumeration have kept 
it out of the field of large industrial equip- 
ment. Developments of recent years by 
one well-known glass manufacturer, how- 
ever, have resulted in a glass of such low 
coefficient of expansion, and such tough- 
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ness, that it is finding its way into many 
large-scale chemical installations. The ex- 
hibit to be shown by this manufacturer 
will feature a working model of an all-glass 
fractionating tower and will be 8 feet high 
and 12 inches in diameter. All parts com- 
ing into contact with the gas or the liquid 
will be made of glass, while the connec- 
tions will be of the company’s new type of 
flanged glass pipe. In connection with the 
fractionating tower there will also be a 
model tubular condenser of the type em- 
ploying a nest of tubes within a cylindrical 
shell. Besides the industrial equipment to 
be included in this exhibit, the latest de- 
velopments in glass laboratory apparatus 
also will be displayed. 

The chemical manufacturer with diffi- 
cult problems of corrosion to solve will find 
at the exposition a wide range of corrosion- 
resistive equipment besides that made of 
glass, and will therefore be able to make a 
study and comparison of relative merits on 
the spot. Pure molded silica and highly 
developed alloys that resist a long list of 
chemicals at high temperatures and pres- 
sures now in common use are other 
materials that will be well represented at 
the exposition. 

Among the alloy equipment will be a 
new, self-priming pump designed espe- 
cially to handle acids by taking suction 
over the top of tanks, or pumping from 
sumps and other conditions where it is nec- 
essary to place the pump over the source of 
supply. This pump has never before been 
shown at an exhibit. Other items in the 
same booth will be exhaust fans, valves, 
flanged pipe and fittings, and drain pipe 
and fittings—all non-corrosive and de- 
signed for handling acid, alkaline, or other 
corrosive solutions. 

The processes of spray-drying, as em- 
ployed in a great variety of industries, 
have a set of problems all their own. 
Notably in some of the food industries, and 
in the manufacture of glue and gelatin, 
fertilizers, rubber products, and sugar 
manufacture and refining, besides a long 
list of chemical industries, spray-drying is 
used at one stage or another. One ex- 
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hibitor states that at the coming exposition 
he will show recently developed spray-dry- 
ing equipment, which, due to a new process 
and new designs, is said to have some 
marked advantages over former designs. 
Initial and operating costs are low; and an 
unusual feature is the adaptability to 
small, inexpensive initial installations, 
with expansion as desired. Another fea- 
ture of the equipment is the fact that it 
dries the product as rapidly as it is pro- 
duced—a fact that is likely to have a vital 
bearing on the successful handling of deli- 
cate materials. This exhibit will include a 
motor-driven atomizer, motor generator 
set and switchboard, and a new scrub 
tower or pre-concentrator. 


DR. SIDGWICK TO GIVE SMITH 
BIRTHDAY LECTURE 


The Edgar F. Smith Birthday Lecture 
will be delivered in the Harrison labora- 
tory of Chemistry of the University of 
Pennsylvania on Friday, May 22 at 4 
o’clock. The lecturer will be PROFESSOR 
N. V. Smewick of Oxford University. 
His subject will be ‘‘Atomic Cohesion,” a 
consideration of the forces by which atoms 
are attached in molecules, and molecules 
to one another in crystals, under different 
conditions. 


DR. ALLISON LECTURES ON X-RAY 
AND ATOMIC STRUCTURE 


Dr. S. K. ALLISON, associate professor of 
physics at the University of Chicago, pre- 
sented a very interesting and instructive 
talk on ‘““X-Ray and Atomic Structure’ on 
Sunday evening, February 22, at the 
Morrison Hotel, before the members of the 
Chemistry and Physics Society of De Paul 
University. Details of the X-ray tube 
were illustrated by means of lantern slides 
as well as the method of controlling the 
X-ray; its passage through the atom, as 
also the property characteristics in asso- 
ciation with atomic structure, were but a 
few of the important topics discussed. 
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NEW MICROMETALLOGRAPHIC 
EQUIPMENT AT COOPER UNION 


The department of chemical engineering 
has just purchased a complete Leitz micro- 
metallographic equipment for use in its 
new metallography course. The machine 
was acquired partly as the result of a gift 
of $500 by the class of 1925 and $250 by 
the class of 1928, both of the Cooper 
Union Night School. 


A. C. S. MEMBERSHIP AWARDED TO 
UNIVERSITY OF ARKANSAS 
STUDENT 


At its annual banquet on March 13th, 
the Alpha Sigma Chapter of Alpha Chi 
Sigma Fraternity awarded to Mr. Jor W. 
FLEMING a year’s membership in the 
American Chemical Society. The award 
is made annually to the most representative 
student in the senior class majoring in 
chemistry or chemical engineering, who 
intends to continue with chemistry. The 
selection is made by vote of the student 
and faculty members of the chapter from 
the four qualified students who have the 
highest rank in all of their work in the uni- 
versity. 


ALABAMA ACADEMY OF SCIENCE 
MEETS 


The Alabama Academy of Science held 
its annual meeting on the campus of the 
University of Alabama on March 13 and 
14. More than fifty papers were read and 
discussed. At a banquet attended by 
more than a hundred, PRESIDENT EMMETT 
B. CARMICHAEL read a paper on “The 
South’s Contribution to Science.’”’ The 
visiting speaker was Dr. E. E. REINKE, 
head, department of biology, Vanderbilt 
University, who discussed “The High- 
lands (N. C.) Museum and Biological Lab- 
oratory Plans for a Mountain Research 
Station in the South.” 

The officers selected for the year 1931-32 
are: president, GEORGE FERTIG, director, 
Pittsburgh Testing Laboratories, Birming- 
ham; first vice president, HERBERT Mar- 
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TIN, professor of chemistry, Auburn; 
second vice president, H. C. HEATH, 
Woman’s College, Montgomery; treas- 
urer, E. A. Hawk, Ensley; editor of 
Jones, Birmingham- 
Southern College, Birmingham; coun- 
cilor to A. A. A. S., EMMETT B. Car- 
MICHAEL, University of Alabama, Uni- 
versity; permanent secretary, J. L. BRAKE- 
FIELD, Howard College, Birmingham. 

The Academy will hold its ninth annual 
meeting in March, 1932, at Howard Col- 
lege, Birmingham, Alabama. 


IRON AND STEEL INSTITUTE TO 
JOIN INSTITUTE OF METALS IN 
VISIT TO AMERICA 


A detailed program has been issued of the 
visit that is to be paid to America next 
year by the Institute of Metal§ and the 
Iron & Steel Institute. These two inter- 
national bodies have been invited by the 
American Institute of Mining & Metallur- 
gical Engineers to hold their respective 
autumn meetings in New York in Septem- 
ber, 1932, the meetings to be followed by a 
tour in the United States and Canada, in 
the course of which many cities and indus- 
trial plants will be visited. 

The party, which is expected to number 
about one hundred European members, 
will leave Southampton on board a Cu- 
narder on Saturday, September 3, 1932, 
and is due to arrive a week later in New 
York, there to be joined by a contingent of 
American members, expected to number 
about two hundred. After a week-end 
spent sight-seeing in New York, morning 
technical sessions will be held on Septem- 
ber 12-13 in the Engineering Societies? 
Building, with local excursions to meta 
works each afternoon. September 14 will 
be devoted to an all-day trip to the works 
of the American Brass Company at 
Waterbury. On the following day the 
party will proceed to Bethlehem, Pa., visit 
the steel works and then return to New 
York in readiness for a midnight start to 
Washington. Two days will be spent in 
the Capital—with visits to the Bureau of 
Standards, Mount Vernon, and other 
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points of interest—and on September 17 
Pittsburgh will be reached. Here the 
week-end will be spent visiting the Uni- 
versity of Pittsburgh, the Mellon Institute, 
the Carnegie Institute of Technology, steel 
works, and aluminum works. 


Leaving Pittsburgh early on September 
20, most of the day will be spent visiting 
plants at Youngstown, followed by a night 
run to Detroit. Here three strenuous days 
will be passed. Members of the two visit- 
ing Institutes will have the great advan- 
tage of being able to take part in the visit 
to the exposition and technical sessions 
arranged by the National Metal Associa- 
tion, then holding its annual convention in 
Detroit, followed by a dinner given by the 
American Society for Steel Treating. They 
will also see some of the great motor 
plants for, which Detroit is world famous. 
On September 23, the Institute’s party 
leaves for Cleveland where works visits 
will be made during the afternoon, fol- 
lowed by departure for Chicago at mid- 
night. Here the last week-end of the 
tour—now at its westward turning point— 
will be spent. Saturday, September 24, 
will be devoted to visits to steel and metal 
plants in the day-time, with a reception in 
the evening. The following day will be 
passed quietly, Niagara being reached the 
next morning. After a visit to the Falls 
and neighboring works on September 26, 
the party will proceed to Hamilton and 
Toronto the next day. Many interesting 
visits will be paid in these two cities and 
also in Montreal and Quebec, whence the 
homeward bound liner will leave on 
September 30, being due at Southampton 
on October 8. 

Such, in outline, is the program of an 
ambitious endeavor. It represents the 
first combined trip ever arranged by the 
two institutes, and is expected to prove 
very attractive. Already nearly one hun- 
dred members have indicated their inten- 
tion of traveling from European starting 
points, these including Stockholm, Mos- 
cow, Prague, Berlin, and Rome. The cost 
of the trip—estimated at the reasonable 
figure of £125—can be met in advance by 
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means of an “installment plan,” in accord- 
ance with which intending participants 
pay £7 per month to the bankers of the 
Institute of Metals, interest being allowed 
upon their deposits, which are returnable 
in the event of non-participation. Full 
particulars of this plan and of the Ameri- 
can trip generally can be obtained on 
application to Mr. G. SHaw Scott, M.Sc., 
secretary of the Institute of Metals, 36 
Victoria Street, London, S. W. 1., England. 
It is possible for eligible non-members to 
join either Institute in time to take part in 
the trip to America. 


VACATION COURSES IN FRANCE, 
GERMANY, AND ITALY 


The Office National des Universités et 
Ecoles Frangaises, the Deutscher Akadem- 
ischer Austauschdienst, and the Italian 
Inter-University Institute have issued at- 
tractive booklets giving full information 
regarding vacation courses offered this 
year by their respective countries. Any of 
the booklets may be secured by application 
to the Institute of International Educa- 
tion (2 West 45th St., New York City).— 
News Bulletin of the Institute of Inter- 
national Education. 


ENGINEERS AND EDUCATORS TO 
TOUR RUSSIA 


Russia with its multitudinousnewexperi- 
ments in nearly every aspect of engineer- 
ing, as well as in industrial management, 
will be the object of intense practical study 
and observation this summer when a tour 
to that country will be led by PARKER H. 
DaccETT, dean of the College of Engineer- 
ing at Rutgers University. Under the di- 
rection of PROFESSOR N. C. MILLER, head 
of the Rutgers University Extension Di- 
vision, Russia and Europe will likewise be 
toured by a party of educators and a party 
of travelers studying social conditions. 

It is expected that in the engineering di- 
vision of the tour, the American engineers 
will be provided with a singularly close 
view of the work being carried on in 
Russia during this crucial period. Under 
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Dean Daggett’s direction a number of im- 
portant factories and industrial plants will 
be visited and a series of conferences with 
engineers, business executives, labor lead- 
ers, and men of outstanding importance in 
the political field have been arranged. 
Practical education and engineering will be 
combined in their most effectual forms 
through a course in Engineering Economics 
to be conducted en route. The course will 
consist of a critical study of the work of 
professional engineers in the various coun- 
tries visited. A comparison will be made 
of American and European manufacturing 
methods, production, and management 
problems. Special attention will be given 
to the ‘Five-Year Plan” in Russia. 

Dean Daggett has been a member of the 
Council of the Society for Promotion of 
Engineering Education and president of 
the National Council of State Boards of 
Engineering Examiners, and has been a 
prominent consulting engineer for twenty 


years. 
The tour, which is now being organized 
with headquarters in New Brunswick, will 


visit, besides Russia, cities in Germany, 
Austria, France, Sweden, Finland, Den- 
mark, Switzerland, and Poland. The en- 
tire group of these parties, which will sail 
from New York for Rotterdam, aboard the 
S. S. Rotterdam on July 4th, is under the 
direction of Professor Miller, a nationally 
recognized authority in adult education 
and a veteran director of tours of this 
nature. 


ERIE SECTION, A. C. S., CONDUCTS 
SYMPOSIUM ON CHEMICAL EDUCA- 
TION 


Dr. ALEXANDER SILVERMAN, head of the 
department of chemistry, University of 
Pittsburgh, led a symposium on chemical 
education before the Erie Section of the 
A. C. S. Monday evening, March 16. 
Other speakers were PROFESSOR W. E. 
Coon, principal of the Roosevelt High 
School, Erie, PROFESSOR W. H. PowErs, 
Alliance College, and Mr. J. L. PARSoNns, 
Hammermill Paper Company. 
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WATER TREATMENT COURSE AT 
UNIVERSITY OF FLORIDA 


The second Short Course in Water 
Treatment was conducted by the Univer- 
sity of Florida in connection with the 
fifth annual meeting of the Florida Section 
of the American Water Works Association, 
March 31, April 1, 2, and 3. The course 
was under the direction of the General Ex- 
tension Division of the University. The 
lecturers were A. P. BLACK, chairman of 
the course, and professor of chemistry at 
the university; C. B. PoLLarp, assistant 
professor; H. W. STREETER, sanitary engi- 
neer, U. S. Public Health Service, Cincin- 
nati, Ohio; E. L. Fivsy, chief, Bureau of 
Engineering, Florida State Board of 
Health, Jacksonville; HeERMAN GUNTER, 
state geologist, Tallahassee; A. S. BEHR- 
MAN, chemical director, International Fil- 
ter Company, Chicago, Illinois; Paut 
EaTOoNn, director of laboratories, Florida 
State Board of Health, Jacksonville; 
and J. R. TANNER, chemist, West Palm 
Beach Water Company, West Palm 
Beach. 


NEW CHEMISTRY CLUB AT GALLO- 
WAY COLLEGE 


The annual entertainment of the chem- 
istry students of Galloway College was 
given Friday, February 20. At three 
o’clock the organic class gave a lecture on 
the “‘Periodic Chart of the Atoms.” After 
discussion, Miss KATHRYN M. WOLFE, 
head of the chemistry department, acted 
as hostess for the first-year students 
at a dinner in honor of the organic 
class. , 

During the course of the dinner the sug- 
gestion was made to organize a chemistry 
club. It met with immediate acceptance. 
The following officers were elected: BErR- 
NICE MEDLEN, president; MARTHA BLEv- 
INS, vice president; Mary CorINnNA GAR- 
NER, secretary-treasurer. 

It was agreed that the club meet bi- 
monthly, and the name “‘Phosphorescents” 
has been adopted. 











Beginning Chemistry. Gustav L. 
FLETCHER, James Monroe High School, 
New York City; HERBERT O. SMITH, 
Newton High School, New York City; 
BENJAMIN Harrow, College of City of 
New York. American Book Company, 
New York City, 1929. viii + 476 pp. 
300 Figs. 14 X 20cm. $1.60. 


The purpose of the authors of this text 
as expressed in the preface is to introduce 
students to chemistry through the knowl- 
edge acquired in general science, and to 
this end they devote the first six chapters 
of the book. Although an elementary 
book, the content is designed to cover the 
scope of work outlined by the syllabus pre- 
pared by the American Chemical Society, 
and the requirements of the College En- 
trance Board. 

A study of the book reveals some very 
interesting features. The book is copi- 
ously illustrated with 300 figures in half- 
tone and diagram, which commands the 
interest of the reader. 

The arrangement and organization of 
the book, while differing from the conven- 
tional order, is quite acceptable and offers 
certain advantages in teaching the subject. 
Beginning in Chapter VII with the elec- 
tronic theory of matter the authors con- 
tinue through the following chapters with 
valence, ionization, acids, bases, and neu- 
tralization, building a fine groundwork for 
the several chapters which follow. It does 
seem rather disappointing to note the lack 
of detail in making an application of va- 
lence in formula writing, and the brevity 
with which equation writing has been 
treated, when the stage has been so care- 
fully set for this work. Likewise, it may be 
pointed out that the explanation of neu- 
tralization is likely to be considered, by the 
student, as contradictory of the explana- 
tion of the formation of water, given 
earlier in the text. 

The chapter on colloids is especially in- 
teresting and is developed much more 


extensively than is usual in a high-school 
text. This is also true of the chapter on 
explosives and similar subjects. The 
treatment of these chapters merits con- 
siderable praise. 

The latter part of the book does not 
seem to measure up to the splendid treat- 
ment in the first part. This is especially 
true in the treatment of the organic com- 
pounds and special chapters where the 
book tends to become eneyclopedic. This 
is especially noticeable under the study of 
paints and food. The chemistry of diges- 
tion is not clearly shown and the function 
of the enzymes as catalysts is certainly not 
given suitable recognition. 

It is possible that students may be con- 
fused with the dual treatment of certain 
compounds such as carbonic acid, page 
112, and later referred to as an organic 
acid, page 364. 

The questions at the end of each chapter 
are carefully selected and stimulating. 
The optional questions suggest possible 
problems for special reports. The pupil 
and teacher alike will welcome the “‘Sup- 
plementary Readings” and it is a point of 
regret rather than criticism that the stu- 
dents in many schools will not have access 
to the references in Industrial and Engi- 
neering Chenustry. 

In general the book is well organized 
and written, and the authors merit recog- 
nition for the contribution they have made 
to the teaching of high-school chemistry. 

KIMBER M. PERSING 


GLENVILLE HIGH SCHOOL 
CLEVELAND, OHIO 


Laboratory Manual for Beginning Chem- 
istry. Gustav L. FLETCHER, James 
Monroe High School, New York City; 
HERBERT O. SmitH, Newton High 
School, New York City; BENJAMIN 
Harrow, College of City of New York. 
American Book Company, New York 
City, 1929. 187 pp. 38 Figs. 20 X 24 
em. $0.76. 
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This book, by the same authors as “‘Be- 
ginning Chemistry,’’ reviewed above, is a 
loose-leaf type laboratory manual. 

It contains seventy-six experiments cov- 
ering the usual range of laboratory work in 
high-school chemistry, and is written in the 
so-called questionnaire form. The experi- 
ments are arranged to conform to the 
order of topics in the texts. Each experi- 
ment is introduced by a title and followed 
by a statement of the ‘Object.’ The 
statement of the “Object” varies through- 
out the book; in some cases it is expressed 
as a question; in others, it isa statement of 
fact, and again it is expressed in the infini- 
tive form. 

The experiments end without a con- 
cluding summary to show the extent to 
which the object of the experiment has 
been realized. 

The book is attractively prepared and 
should make an appeal to the student. 
Ample space provided for answers makes 
possible the writing of reports without 
crowding. 

The drawings seem to lack consistency 
throughout the book. In some cases line 
drawings of cross-sections are used while in 
others picture type drawings are used to 
illustrate apparatus. In a few cases the 
drawings suggest both types in the same 
figure. Another example of inconsistency 
in the drawings is the use of so many 
types of pneumatic trough. On the whole 
it seems that the diagrams have a tendency 
to detract from the appearance of the 
book. 

The study of the Bunsen burner as Ex- 
periment 51 seems to be introduced too 
late for effective work. 

The summary of apparatus and ma- 
terials by experiments at the end of the 
book is an excellent feature both from the 
standpoint of checking supplies from the 
storeroom, and also for the purpose of 
ordering supplies. The appendix contains 
useful tables, list of apparatus, and a very 
short “‘First-Aid Chart.” 

KIMBER M. PERSING 


GLENVILLE HIGH SCHOOL 
CLEVELAND, OHIO 
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Teachers Manual and Key for Beginning 
Chemistry. Gustav L. FLETCHER, 
James Monroe High School, New York 
City; HERBERT O. SmituH, Newton High 
School, New York City; BENJAMIN 
Harrow, College of City of New York. 
American Book Company, New York 
City, 1980. 180 pp. 16 fig. 13 XK 19 
em. $1.20. 


This book, as the name suggests, is a 
manual and key for teachers’ use with the 
text ““Beginning Chemistry,” reviewed on 
page 1008. The book consists of demon- 
stration experiments and question-answer 
groups arranged under chapter headings 
corresponding to the chapters in the text. 
The demonstration experiments are well 
selected and should prove valuable to the 
teacher. The chapter questions of the 
text are answered and discussed, and this 
should be especially helpful to the inex- 
perienced teacher. The answers are much 
more extensive than might be expected 
from students. 


The book does not contain either a 
Table of Contents or an index. The pur- 
pose of the book might be fulfilled more 
easily by having the demonstration ex- 
periments listed by title. To the ambi- 
tious teacher the demonstration experi- 
ments will suggest ways of collecting and 
organizing a valuable though inexpensive 
museum. 

KIMBER M. PERSING 


GLENVILLE HIGH SCHOOL 
CLEVELAND, OHIO 


A Textbook of Practical Physical Chem- 
istry. K.Fayans, Professor of Physical 
Chemistry at the University of Munich, 
and J. Wtst. Translated by BryANn 
Topiey, M.A. E. P. Dutton and Com- 
pany, Inc., New York City, 1980. xv 
+ 233 pp. 74 figs. 15 X 23 cm. 


The authors set for themselves the task 
of writing a laboratory manual which 
would incite the student to carry out the 
exercises with a maximum of self-reliance 
and with a minimum of assistance from 
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the instructor. To this end, the exercises 
are presented in considerable detail and 
the relevant theory is given in each case. 
References to well-known treatises of 
physical chemistry, too, are made at the 
appropriate places. 

The text records the course of experi- 
mental physical chemistry originating in 
the Technische Hochschule of Karlsruhe, 
and as modified and improved in the uni- 
versities of Munich, Erlangen, and Wiirz- 
burg. The many years of testing out, 
with classes, of the directions of the text 
have brought to light the points of theory 
and practice which prove most trouble- 
some to students. These points have been 
given special attention in this text. 

The text covers a remarkably wide field 
and contains a number of exercises usually 
not found in many of the semi-elementary 
courses of physical chemistry. The fol- 
lowing list serves to give a general notion 
of its scope and contents: molecular 
weights (in solution); vapor pressures and 
distillation of liquid mixtures; surface 
tension and internal friction of liquids; 
adsorption from solution; coagulation of 
sols; pH determinations; calorimetry; 
metallography; radioactive transforma- 
tions; rates of reaction (in solution); re- 
fractometry; spectro-photometry; elec- 
trical conductivity; transference; electro- 
motive force; and practical electrolysis. 
A number of different exercises are usually 
included under each heading. 

The authors have succeeded in present- 
ing clearly the theory and the practical 
directions for each exercise. The in- 
structor will welcome such discussions as 
the source and estimation of errors, details 
of setting a Beckmann thermometer, di- 
rections for the calibration and comparison 
of mercurial thermometers and of thermo- 
couples, and other items of laboratory tech- 
nic with which the student is confronted, 
perhaps, for the first time. Also, the 
inclusion of the quinhydrone electrode, 
potentiometric and conductimetric titra- 
tions, ultra-violet spectrography, and radio- 
active transformations serve to bring the 
subject matter up to date. 
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The use of the capillary electrometer, 
certain thermoregulators, etc., may not 
appeal to the better-equipped laboratories, 
but their inclusion does not detract seri- 
ously from the value of the text. 

The book is teachable. In fact it serves 
to develop the student’s manipulative 
skill and his practical evaluation of the 
meaning and import of each exercise. The 
book should be welcomed by all who are 
engaged in the giving of laboratory in- 
struction in physical chemistry. 

W. A. FELSING 


UNIVERSITY OF TEXAS 
AUSTIN, TEXAS 


Qualitative Analyse mit Hilfe von Tiipfel- 
reaktionen. Theoretische Grundlagen 
und praktischer Ausfiihrung. Fritz 
FEIGL, Privatdozent an der Universitat 
Wien. Akademische  Verlagsgesell- 
schaft M.B.H., Leipzig; McGraw-Hill 
Book Co., Inc., New York City, 1931. 
xii + 387 pp. 12 figs., 2 colored plates. 
28 M, cloth, 26.40 M, paper. 


Recent developments in analytical 
chemistry have emphasized the importance 
of physico-chemical methods of measure- 
ment and the fact that our limited number 
of specific reagents can be increased by 
utilizing the properties of organic com- 
pounds. Just as certain groupings of the 
atoms serve to develop color, other group- 
ings tend to develop specific reactions with 
inorganic ions. More and more the 
analyst is making use of organic reagents 
as this book emphasizes. 

During the last decade Feigl and his as- 
sociates have published more than fifty 
papers concerning special tests which can 
be carried out with a single drop of solution. 
Many of these papers were published in a 
journal which does not have a wide cir- 
culation in the United States and it seemed 
a pity that this interesting and valuable 
work was not more accessible. To satisfy 
this demand, Feigl has collected together 
the tests that he has himself developed, 
together with tests prepared by others and 
with some material not previously pub- 
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lished. The resulting book is interesting, 
instructive, well-written, and suitably pub- 
lished. 

The first part of the book (111 pages) 
shows the theoretical basis of the work. 
Werner’s valence theory is discussed at 
considerable length and its important 
bearing upon the methods of qualitative 
analysis is pointed out. Interference 
caused by other ions is discussed and it is 
shown how such interference can be over- 
come or even utilized in making tests. 
The effect of the position of certain groups 
in organic compounds is shown and the 
way to develop new reagents pointed out. 
Induced reactions are explained. 

In the practical part of the book, several 
sensitive tests are given for the ions likely 
to be present in a solution of inorganic 
material. The smallest quantity of de- 
tectable ion and the greatest permissible 
dilution are indicated. If a reagent is 
used which is not likely to be at hand, di- 
rections are given for its preparation. 

After the individual tests have been de- 
scribed, several schemes for the systematic 


analysis of solutions are given and finally 
tests are given showing how very small 
quantities of material can be detected as 
impurities in metals, solutions, and min- 


erals. Tests are also given which will 
serve for the identification of various min- 
erals. 

One should have a fair knowledge of 
both physical and organic chemistry to 
appreciate fully the value of this text, 
although the tests are themselves described 
so clearly that the necessary technic will 
be learned easily. It is interesting to note 
that at least one technical school (at Delft) 
has already made provision for introducing 
these methods of analysis into the curricu- 
lum, 

WitiraM T. HAL 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


Laboratory Record Book of Qualitative 
Analysis. Cart J. ENGELDER, Pro- 
fessor of Chemistry, University of Pitts- 
burgh. John Wiley & Sons, Inc., New 
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York City, 1931. 103 pp. 15 X 23 cm. 

$1.00. 

This is a laboratory record book pre- 
pared to accompany the author’s ‘‘Ele- 
mentary Qualitative Analysis.” [For re- 
view of this book see J. CHEM. Epuc., 5, 
903-4 (July, 1928).] It contains forms for 
recording laboratory observations, includ- 
ing equations to be completed, and for re- 
porting the results of the analysis of un- 
knowns. The equations called for appear 
to be mainly ionic, although frequently in 
metathetical reactions strong electrolytes 
are written as molecules. 

The book will be warmly welcomed by 
many instructors, since its systematizes 
and abridges the student’s record, and 
thereby reduces the labor and tedium of 
checking and correcting notes. It should 
be remembered, on the other hand, that 
there is a risk that these made-to-order 
forms will lead to perfunctoriness on the 
part of the student, if he is allowed to get 
the habit of filling in the blanks with a 
minimum of reflection and effort. Neither 
this very promising book nor any other 
laboratory help, for that matter, can take 
the place of an alert, conscientious, and 
ever-present laboratory instructor. Re- 
enforced then by well-directed laboratory 
teaching, this record book will be found to 
be very satisfactory. 

The book is neatly and inexpensively 
bound in heavy paper—well suited to last 


for a single semestee. 
J. H. REEDy 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


Laboratory Record Book of Quantitative 
Analysis. Cart J. ENGELDER, Ph.D., 
Professor of Analytical Chemistry, Uni- 
versity of Pittsburgh. John Wiley & 
Sons, Inc., New York City, 1931. 90 
pages (paper cover), 15 X 23 cm. 
$1.00. 

This Laboratory Record Book is in- 
tended to be used in connection with the 
author’s ‘‘Textbook of Elementary Quan- 
titative Analysis” [for review of this 
book see J. CEM. Epuc., 7, 953-4 (April, 
1930)], and is intended to serve the 
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double purpose of making it easier for the 
student to keep a well-organized set of 
notes of laboratory data and for the in- 
structor to have provided a compilation of 
the students’ data in readily filed form. 

The first purvose is served by the blank 
forms permanently attached to the record 
book with entries for the various weigh- 
ings, measurements, and observations 
based on calculations, space for which cal- 
culations is provided in the record book. 
The second purpose is served by a series of 
report forms in duplicate to be filled out by 
the student, which are detachable from 
the record book by means of perforated 
margins. One record is filed by the in- 
structor and the second returned to the 
student. 

The record book has fifty blank pages, 
eight sections for gravimetric analyses and 
seven sections for volumetric determina- 
tions. There are accordingly fifteen per- 
forated pages of report records, each page 
blank on the reverse side. There is in 
addition appended a four-place table of 
logarithms and a table of atomic weights. 

Some instructors may object to the 
pedagogical principle embodied in the idea 
of the record book, but most of these will 
be in accord with the labor-saving system 
incorporated. 

G. FREDERICK SMITH 


UNIVERSITY OF ILLINOIS 
* URBANA, ILLINOIS 
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Perchloric Acid. Data compiled by G. 
FREDERICK SMITH, Ph.D., Assistant 
Professor, University of Illinois. The 
G. Frederick Smith Chemical Co., Co- 
lumbus, Ohio, 1931. 61 pp. 15.5 xX 
23 cm. On request to publisher. 


This booklet contains authentic, scien- 
tific, and practical considerations relative 
to the use of perchloric acid as an impor- 
tant research and routine analytical chemi- 
cal reagent with special reference to rapid- 
ity, accuracy, and economy. The con- 
tents include a discussion of the general 
characteristics of perchloric acid, and the 
use of this reagent in the determination 
of (1) silica in metals and alloys, limestone 
and soluble silicates, magnesite, and fluor- 
spar; (2) chromium in various steels; 
(8) chromic oxide and chromite; and (4) 
sulfur in rubber. A method for the sepa- 
ration and determination of the alkali 
metals using perchloric acid is also out- 
lined. M. W.G. 


How to Apply for a School and Secure 
Promotion. Won. RuFFeEr, Ph.D., 
Rocky Mt. Teachers’ Agency, Denver, 
Colo., 1927. 32 pp. 8 XK 15cm. 


This booklet contains much valuable in- 
formation to teachers making applications 
for positions. It is given free to members 
of the agency. 


TEACHER EXCHANGE 


The Committee on Teacher Exchange of the Division of Chemical Education in- 
vites correspondence from teachers who have served for a number of years in their pres- 
The purpose of the committee is to bring about a temporary exchange 
Write to any 


ent positions. 


between teachers in similar positions in different sections of the country. 
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Pror. F. B. Datns, University of Kansas, 
Lawrence, Kan. 

Pror. J. SAMUEL Guy, Emory University, 
Emory University, Ga. 


Pror. J. PEARCE MITCHELL, Stanford 
University, Stanford University, Cal. 
Pror. B. S. Hopkins, Chairman, Univer- 

sity of Illinois, Urbana, IIl. 





